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ABSTRACT 
THE IMPACT OF EXERCISE DURING PREGNANCY ON MATERNAL 
OUTCOMES AMONG A HIGH-RISK POPULATION 
 
MAY 2015 
 
CARRIE J. NOBLES, B.M., UNIVERSITY OF MASSACHUSETTS AMHERST 
 
M.P.H., UNIVERSITY OF MASSACHUSETTS AMHERST 
 
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
 
Directed by: Professor Lisa Chasan-Taber 
 
 
 
 Prior observational research has suggested an association between increased 
physical activity during pregnancy and improved maternal outcomes including a reduced 
risk of gestational diabetes mellitus (GDM).  Despite this, randomized controlled trials of 
prenatal exercise are sparse and only one had been conducted in a high-risk population.  
Therefore, we examined the association between physical activity during pregnancy and 
risk of adverse pregnancy outcomes in the Behaviors Affecting Baby and You (B.A.B.Y.) 
Study, a randomized controlled trial of a 12-week exercise intervention among a diverse 
group of inactive pregnant women at high-risk for GDM.   
 The first project examined the effect of participation in the B.A.B.Y. exercise 
intervention on reducing the risk of GDM.  Among the 251 pregnant women at high-risk 
for GDM included in the analysis, those who participated in the exercise intervention had 
a lower odds of GDM as compared to those who participated in the health and wellness 
intervention, although results were not statistically significant.   
 The second project examined the effect of participation in the B.A.B.Y. exercise 
intervention on gestational weight gain (GWG) were assessed.  Of the 241 participants 
 vii 
included in the analysis, there was no statistically significant impact of the exercise 
intervention on total GWG, rate of GWG, and compliance with the Institute of Medicine 
recommendations for GWG versus the health and wellness intervention.   
 The third paper investigated the correlates of three health risk behaviors in early 
pregnancy: smoking, low levels of exercise, and high levels of sedentary behavior.  Data 
on health risk behaviors were collected through self-report prior to randomization 
(n=383).Lower education, lower income, not being married or living with a partner, not 
living with any other adults, drinking alcohol pre-pregnancy and being sedentary were 
associated with smoking.  Younger age and not having children in the household were 
associated with low levels of activity.  Lower income, being unmarried or not living with 
a partner, not having children in the household and smoking were associated with higher 
levels of sedentary behavior. 
 To summarize, this dissertation adds to current research by assessing the 
effectiveness of an individually-tailored exercise intervention in reducing risk of 
pregnancy complications in a diverse population.   
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CHAPTER 1 
 
THE BEHAVIORS AFFECTING BABY AND YOU (B.A.B.Y.) STUDY: 
THE IMPACT OF AN EXERCISE INTERVENTION ON RISK OF 
GESTATIONAL DIABETES MELLITUS 
Introduction: Public Health Impact 
 
Gestational diabetes mellitus (GDM) is a major complication of pregnancy 
affecting an estimated 2-10% of pregnant women in the United States in 2011, with 
estimated rates varying based on data collection methodologies used (1).  A recent 
analysis by DeSisto et al. comparing the prevalence of GDM as reported on birth 
certificates and through the Pregnancy Risk Assessment and Monitoring Survey 
(PRAMS) from 2007-2010 found a prevalence of GDM of 4.6% as reported on birth 
certificates, 8.7% as reported through PRAMS and 9.2% as reported through both sources  
(2).  Studies have consistently reported a higher prevalence of GDM among Hispanic 
women as compared to non-Hispanic white women, attributable, in part, to differential 
rates of risk factors for GDM in Hispanic vs. non-Hispanic women (1, 3, 4).  Women 
who have experienced GDM in a prior pregnancy have an estimated rate of recurrence of 
50% (5-8), while an estimated 12% of women who have a family history of type 2 
diabetes and a pre-pregnancy BMI greater than 25 kg/m
2
 are expected to develop GDM 
(9). The prevalence of GDM has increased over time with the general trend of increasing 
rates of obesity, with several studies indicating a doubling of incidence since 1990 (1, 4, 
10). Women who develop GDM are at higher risk of gestational hypertension, 
preeclampsia, preterm delivery and cesarean section as compared to women who do not 
develop GDM (11, 12). Women with GDM are also significantly more likely to develop 
 2 
type 2 diabetes, with GDM serving as both a marker of susceptibility for type 2 diabetes 
and a potential time point for implementation of interventions to reduce the risk of type 2 
diabetes (13).  Babies born to mothers with GDM are at a higher risk of perinatal 
morbidity (11, 12, 14, 15), and may be at higher risk for obesity, glucose intolerance and 
metabolic syndrome in later childhood (16-19).  
Established markers for GDM include experiencing GDM in a prior pregnancy 
(9), family history of diabetes mellitus (20), history of fetal death and history of Cesarean 
section (12), having a multiple pregnancy (21),  and non-white ethnicity (1, 4, 10). 
Established potentially causal risk factors for GDM include pre-pregnancy overweight 
and obesity (22, 23), increasing maternal age (12, 20), and pre-pregnancy smoking (20).  
The strongest predictors include experiencing GDM in a prior pregnancy (OR=10.7) (9), 
increasing age (OR=7.0 for age >=40 vs. age <25) (9) and higher BMI (OR=8.6, severe 
obesity vs. normal weight) (23).  Both pre-pregnancy exercise and exercise during 
pregnancy have been implicated as possible protective factors for GDM (24). A recent 
meta-analysis of five cohort studies investigating the association between exercise during 
pregnancy and GDM estimated a combined significant 24% reduction in odds of GDM 
(OR=0.76, 95% CI 0.70-0.83) for women reporting exercise in early pregnancy as 
compared to those who did not report exercise in early pregnancy (24). However, 
observational studies are limited by potential confounding (e.g., potentially by little-
explored factors such as diet and stress level.  To demonstrate a causal relationship 
between exercise during pregnancy and risk of GDM, randomized trials are needed. 
The American Congress of Obstetricians and Gynecologists (ACOG) 
recommends that pregnant women engage in at least 30 minutes of moderate to vigorous 
 3 
activity on most days of the week (25).  These recommendations were established after 
associations between exercise and an increased risk of several complications of 
pregnancy were demonstrated to be unsubstantiated (25), and reflect recommendations 
for minimum levels of exercise for adults to promote long-term health by the Centers for 
Disease Control and Prevention and the American College of Sports Medicine (26).  
Observational research into the effect of physical activity during pregnancy on pregnancy 
outcomes has been conflicting, with some studies finding a protective effect of physical 
activity during pregnancy on GDM, preeclampsia and other hypertensive disorders of 
pregnancy, preterm birth, excessive gestational weight gain, and macrosomia/large for 
gestational age infants (27, 28).   
Based on data from the National Health and Nutrition Examination Survey, only 
22.9% (±2.99%) of pregnant women in the United States meet physical activity 
guidelines and this proportion decreases with increasing trimester (29).  The proportion 
of pregnant women reporting any moderate-vigorous activity was 56.6% (±2.95%), with 
pregnant women reporting an overall average of 1.8 (±0.7) hours of moderate-vigorous 
activity per week.  Twenty-four percent reported that their usual daily activities involved 
mostly sitting (29).     
Exercise may be associated with insulin resistance and glucose intolerance 
through several mechanisms.   These mechanisms include improved insulin sensitivity 
though exercise-induced increases in GLUT4 transport and improvements in beta cell and 
endothelial function with exercise-induced reductions in oxidative stress (30-33), as well 
as a reduction in excess adipose tissue with exercise, as excess adipose tissue is 
 4 
associated with an increased production of proinflammatory factors which contribute to 
insulin insensitivity and have a negative effect on endothelial function (34-36). 
Of nine randomized controlled trials assessing the impact of an exercise 
intervention or a combined exercise/dietary intervention on risk of GDM (37-45) only 
one reported a significantly lower risk of GDM in the intervention group as compared to 
the usual care group (38).  These randomized trials varied widely in terms of criteria for 
diagnosis of GDM, duration of the intervention and intervention content, including 
whether the intervention included a dietary component and whether physical activity 
involved group exercise, individual exercise or both.  Limitations of these prior trials 
include low levels of compliance, small sample sizes and a small number of cases.  
Additionally, most studies were conducted among predominately non-Hispanic white 
study groups.  As the effectiveness of interventions in reducing the risk of GDM is linked 
to the level of participant compliance, and compliance is linked to appropriateness of an 
intervention within a cultural context, it is important to assess interventions in diverse 
study populations, particularly using intervention content that is culturally appropriate 
and tailored to participant needs.   
 Therefore, we propose to analyze the association between exercise and GDM in 
the Behaviors Affecting Baby and You (B.A.B.Y.) Study. The B.A.B.Y. study was a 
randomized trial conducted among a diverse group of high-risk pregnant women.  All 
participants had either a personal history of GDM or both a family history of type 2 
diabetes and a body mass index (BMI) greater than 25 kg/m
2
.  Women were randomly 
assigned to a 12-week exercise intervention or a comparison health and wellness 
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intervention.  Data on diagnosis of GDM and other indicators of glucose tolerance were 
abstracted from medical records. 
Physiologic Mechanisms 
 
 Exercise may affect the risk of developing GDM via three main mechanisms: 1) 
an increase in GLUT4 transport, leading to increases in skeletal muscle insulin sensitivity 
(31, 32), 2) a reduction in oxidative stress, leading to an improvement in beta cell and 
endothelial function (30, 33), and 3) through exercise-induced reductions in adipose 
tissue (34-36). 
 In the first mechanism, exercise may increase glucose tolerance through increases 
in recruitment of GLUT4, a glucose transporter responsible in part for the mediating of 
the rate of glucose metabolism in muscle cells (32). Animal studies have indicated that 
skeletal muscle is the primary site of uptake, oxidation and storage of glucose during and 
after exercise (31). It has been theorized that exercise may lead to increases in the 
transcription of proteins involved in insulin signal transduction, leading to increases in 
GLUT4 translocation and glucose transport activity (32). This increase leads to an 
increase in glucose metabolism in the skeletal muscles, in part reducing overall insulin 
resistance. 
 In the second mechanism, exercise reduces oxidative stress by regulating the 
interplay between creation of reactive oxygen species and antioxidant mechanisms (33).  
Oxidative stress, the unchecked overload of reactive oxygen species, has been theorized 
to contribute to insulin resistance and beta-cell dysfunction (33).  Beta cells are sensitive 
to reactive oxygen species, as they have low concentrations of enzymes with antioxidant 
functions found in other cells (30).   
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 Additionally, in the third mechanism, exercise leads to changes in body 
composition, including the reduction of visceral adipose tissue.  Excess adipose tissue is 
associated with increased insulin resistance and reduced glucose intolerance (34).  
Several proinflammatory factors, such as TNF, IL-6 and resistin, are produced by adipose 
tissue and play a role in mediating insulin resistance and endothelial function (35, 36).    
 While there is no clear physiological basis for why the association between 
exercise and GDM would differ by ethnicity, pre-pregnancy BMI, age and parity, there 
may be psychosocial differences  in adherence to a given exercise intervention among 
women in these subgroups.  If the intervention is associated with low adherence only 
among participants with a given characteristic, than the findings regarding the 
effectiveness of the intervention among adherent participants will not be generalizable to 
those participants.  To our knowledge, no studies have adequately evaluated the effect of 
type or duration of exercise on risk of GDM, although several studies have indicated that 
moderate-intensity activities such as walking have a positive short-term impact on 
glucose tolerance and longer-term impact on glucose control among individuals with type 
2 diabetes (46, 46-48). 
Epidemiological Research 
 
 Observational studies of the relationship between exercise during pregnancy and 
risk of GDM has suggested that increased exercise during pregnancy may be associated 
with a lower risk of GDM.  A meta-analysis conducted by Tobias et al. looked at the 
association between total physical activity (either total frequency or total energy 
expenditure) as assessed by a frequency questionnaire in early pregnancy and GDM in 5 
observational studies.  The authors estimated that women reporting high amounts of 
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exercise (at least ≥25 MET-hrs/wk or about 5-6 hrs/wk of moderate exercise) during 
pregnancy had a 24% reduction in odds of GDM as compared to women who reported 
low amounts of exercise (at least <10 MET-hrs/day or <2 hrs/wk) (OR=0.76, 95% CI 
0.70-0.83) (24).  Despite the significant association estimated between total physical 
activity during early pregnancy and GDM, a causal relationship cannot be established 
without experimental research, due to the potential influence of confounding factors.  
None of the studies included in the Tobias et al. meta-analysis adjusted for lifestyle 
factors such as diet or stress, and only one adjusted for socioeconomic status.  One study 
found that pre-pregnancy BMI was a significant effect modifier of the relationship 
between vigorous exercise and GDM, with vigorous exercise only being protective 
against GDM among women with a BMI <25 kg/m
2
 (49).   
A meta-analysis conducted by Yin et al. combining the findings from 6 
randomized trials of exercise interventions and GDM found that participating in an 
exercise intervention was associated with a non-significant 9% lower odds of GDM (OR 
0.91, 95% CI 0.57, 1.44) (50).  Nine published randomized controlled trials have assessed 
the impact of an exercise intervention (4 studies) or a combined exercise/dietary 
intervention on risk of GDM (5 studies) (37-45). These studies were heterogeneous with 
respect to design, with variations in whether or not a dietary component was included, the 
content of the exercise intervention, the duration of the intervention and the criteria used 
to assess GDM. Compliance ranged from 16.3% (42) to >95% (38); sample sizes ranged 
from 60 (40) to 855 (39).  Of these nine studies, only one reported a significantly lower 
risk of GDM in the intervention arm, and this protective effect was observed only for one 
of two GDM diagnostic criteria applied in the study (38).  None of the studies looked at 
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potential effect modifiers, apart from study site.  These previous randomized trials faced 
several limitations, including small sample sizes and subsequent limited power, low 
compliance, and overall were conducted among active non-Hispanic white women at low 
risk for GDM, among whom the effectiveness of the intervention in lowering the risk of 
GDM may vary by factors related to compliance to the intervention content, such as 
cultural appropriateness of the intervention.  
Barakat et al. conducted the only study to find an association between an exercise 
intervention during pregnancy and a statistically significant reduction in odds of GDM 
(38).   A total of 510 women at less than 12 weeks gestation attending a primary care 
center in Madrid and who did not report at least 20 minutes per day of activity on 3 or 
more days per week were randomized to an exercise intervention or usual care.  The 
exercise intervention consisted of attending three 50-55 minute group exercise sessions 
per week, consisting of a 10-12 minute warm-up, 25-30 minutes resistance training (2 
times per week) or aerobic dance (1 time per week), and a 10-12 minute cool-down, from 
enrollment to 38-39 weeks gestation or delivery.  Adherence to the intervention was 
reported as being greater than 95%.  Loss to follow-up was 17.6% in the exercise group 
and 14.5% in the usual care group.  Blood glucose was assessed using a 2-hour, 75-gram 
oral glucose tolerance test (OGTT) administered at 24-26 weeks gestation.  Two criteria 
were used to assess the presence of GDM: the World Health Organization (WHO) criteria 
(2-hour glucose ≥ 140 mg/dL) and the International Association for Diabetes in 
Pregnancy Study Group (IADPSG) criteria (2-hour glucose ≥ 153 mg/dL).  Based on the 
WHO criteria, GDM was diagnosed in 19.5% of the participants the intervention group 
and 28% in the usual care group, with the intervention group having a 38% lower odds of 
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GDM as compared to the usual care group (OR=0.62, 95% CI 0.40-0.98).  After 
adjusting for pre-pregnancy weight and maternal age, the odds of GDM using the WHO 
criteria was attenuated and no longer significant (OR=0.84, 95% CI 0.50-1.40, p=0.496).  
Using the IADPSG criteria, GDM was diagnosed in 13.8% of the participants the 
intervention group and 14.7% in the usual care group (OR=0.90, 95% CI 0.52-1.57) (38).  
As the WHO cut-point for diagnosis with GDM is lower than the IADPSG cut-point, the 
WHO criteria captured a larger proportion of women with glucose intolerance, conferring 
a greater power to detect a given odds of GDM.   
Luoto et al. conducted one of three randomized trials that enrolled women at high 
risk for GDM (41).  A total of 399 women were enrolled at less than 12 weeks gestation 
if they had one or more of the following characteristics: a BMI greater than 25 kg/m
2
, 
risk factors for GDM from a previous pregnancy (GDM, glucose intolerance or 
macrosomia), age greater than 40 years or a family history of type 2 diabetes. Participants 
were cluster randomized by municipality into an exercise intervention or normal care.  
The exercise intervention consisted of counseling from enrollment to 37 weeks gestation 
focused on encouraging participants to achieve 800 MET-min/wk of light to vigorous 
activity and to maintain a healthy diet.  Activity level throughout the intervention was 
assessed through self-report, with data captured on pre-pregnancy activity levels 
(measured at baseline), activity levels at 26-28 weeks gestation and activity levels at 36-
37 weeks gestation.  No significant differences were observed in change in total activity, 
moderate activity, light activity or meeting intervention goals by study group from pre-
pregnancy to 26-28 weeks gestation or pre-pregnancy to 36-37 weeks gestation.  Loss to 
follow-up was 11% in the exercise group and 8.2% in the usual care group.  A 2-hour, 
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75-gram OGTT was used to assess the presence of GDM at 26-28 weeks gestation.  
GDM was diagnosed in 15.8% of participants in the exercise group and 12.4% of 
participants in the usual care group.  As compared to the usual care group, the exercise 
group was found to have a non-significantly increased odds of GDM of 36% (OR=1.36, 
95% CI 0.71-2.62) (41).  As the intervention did not lead to a significant change in total, 
moderate or light activity in the exercise group versus the comparison group, it is likely 
that non-adherence impacted the ability of the study findings to capture the effect of 
change in exercise on GDM risk.   
Oostdam et al. conducted a randomized controlled trial among 121 women at high 
risk for GDM which focused exclusively on increasing exercise during pregnancy, with 
no change in diet (42).  Women were considered at high risk for GDM if they were 
overweight and had at least one of the following additional risk factors: a history of 
GDM, a history of macrosomia or a first degree relative with type 2 diabetes.  Women 
were randomized at approximately 15 weeks gestation to receive either an exercise 
intervention or usual care.  The intervention group attended two 60-minute exercise 
sessions per week, led by a physiotherapist and consisting of both aerobic exercise and 
resistance training, up to delivery.  Adherence with the intervention, defined as attending 
at least 50% of exercise sessions, was low, with 33.3% of participants attending 50% or 
more in the first half of the intervention, and 11.1% attending 50% or more in the second 
half of the intervention.  Loss to follow-up was 35.5% in the exercise group and 23.7% in 
the usual care group.  The method of assessing GDM was not reported, although a 3-
hour, 100g OGTT was administered at 24 and 32 weeks gestation.  GDM was diagnosed 
in 14.6% of participants in the exercise group and 21.6% of participants in the usual care 
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group.  Participants in the exercise group had a 35% lower odds of GDM as compared to 
the usual care group (OR=0.65, 95% CI 0.27-1.55), although these results were non-
significant (42). 
In summary, only one of the nine randomized controlled trials with published data 
demonstrated a significant association between an exercise intervention during pregnancy 
and a reduction in risk of GDM.  Several of these studies had limitations that may have 
limited the ability to detect the impact of an exercise intervention on risk of GDM.  First, 
adherence to the intervention varied considerably by study.  For studies reporting 
adherence as a percentage of completed exercise sessions, adherence ranged from 33.3% 
of participants attending at least half of all sessions (42) to an adherence of >95% 
(definition of adherence not reported) (38), as reported by the one study where a 
significant reduction in GDM was reported in an unadjusted analysis.  The requirement in 
the majority of the previously conducted studies for participants to attend regular, 
supervised group exercise sessions multiple times per week may have limited the 
adherence in those studies, due to barriers to attending group exercise sessions (including 
limited time and resources).   
Second, sample sizes ranged from 60 to 810, with six studies reporting fewer than 
20 cases of GDM.  Although the study by Barakat et al. finding a significant association 
between exercise and GDM was the second largest study with a sample size of 510 (38), 
several other large trials found no association, including a study by Stafne et al that 
enrolled 810 participants (although adherence was limited with only 55% in the exercise 
group meeting the goal of 3 days per week of moderate to high intensity exercise) (39).  
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Four studies had sample sizes below 150 (38, 40, 42, 45), and may have been 
underpowered to detect the effect of the intervention on GDM risk.   
Third, there was heterogeneity in study design among the 9 studies, with 4 
including a combined dietary-exercise intervention and 5 focused on exercise alone.  
Additionally, exercise interventions included a variety of approaches, from all supervised 
group exercise sessions to home-based exercise with regular monitoring, or a 
combination of both.  The four trials that did not include a dietary component and 
required participants to attend 2 or more supervised exercise sessions were the only trials 
to find a lower rate of GDM in the intervention group (37, 38, 42, 45).  All studies 
involving home-based exercise also included a dietary component, not allowing for an 
assessment of the independent association of home-based exercise on GDM risk. 
Finally, with the exception of 1 study which included 20% Hispanic women (41), 
most studies were conducted among predominantly non-Hispanic white study groups, 
and none looked at the potential for effect modification by factors such as ethnicity.  As 
adherence to the intervention, and thereby the ability to detect an association between 
exercise and risk of GDM, may vary by many sociodemographic factors, such as 
race/ethnicity, it is important to assess the effectiveness of interventions in diverse study 
populations. 
Summary 
 
 GDM is one of the most prevalent complications of pregnancy, and is associated 
with poorer outcomes for both mother and baby.  While ACOG recommends women 
achieve 30 minutes of moderate to vigorous exercise on most days throughout pregnancy, 
less than one quarter of women report meeting those guidelines during pregnancy.  
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Exercise may affect glucose tolerance and insulin sensitivity, and thereby risk of GDM, 
through several mechanisms.  Despite evidence from observational studies suggesting 
that exercise during pregnancy may reduce the risk of GDM, this association has not been 
demonstrated in 8 of the 9 randomized trials with published data.  Past RCTs have 
employed resource-intensive interventions that require participants to attend regular 
exercise sessions outside their home, which may result in lower adherence, reducing the 
power to detect an association between exercise and risk of GDM.   This study employs 
an individually-tailored exercise program that encourages participants to fit exercise into 
to their daily schedule, which may lead to greater adherence to the intervention and 
potentially greater power to detect an association between exercise and risk of GDM.  
Establishing the effectiveness of an exercise intervention during pregnancy in 
reducing the risk of GDM is important, as GDM is not only a common complication of 
pregnancy, but the low levels of reported exercise during pregnancy in the US suggests 
that, if effective, increasing exercise could have a measurable effect on reducing rates of 
GDM.  Therefore, we conducted a study to assess the effectiveness of a 12-week, 
individually-tailored exercise intervention in reducing the risk of GDM as compared to a 
control intervention, among an ethnically diverse group of women who are at high risk 
for developing GDM.  
 
Specific Aims and Hypotheses 
 
Specific Aim 1: To evaluate the effectiveness of a 12-week exercise intervention 
as compared to a comparison health and wellness intervention in reducing glucose 
abnormalities among high-risk prenatal care patients. 
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 Hypothesis 1: Compared to participants in the health and wellness intervention, 
participants in the exercise intervention will have a lower risk of GDM, impaired glucose 
tolerance (IGT), abnormal glucose tolerance (AGT), and lower screening glucose levels.  
Specific Aim 2: To evaluate the impact of self-reported physical activity (i.e., 
moderate-vigorous intensity physical activity and sports/exercise activity) on glucose 
abnormalities among high-risk prenatal care patients. 
Hypothesis 2a: Compared to participants who decrease their sports/exercise or 
moderate-vigorous intensity activity during the intervention, participants who maintain or 
increase their activity will have a lower risk of GDM, IGT, AGT, and lower screening 
glucose levels. 
Hypothesis 2b: Compared to participants in the lower three quartiles of 
sports/exercise or moderate-vigorous activity at baseline, those in the top quartile will 
have a lower risk of GDM, IGT, AGT, and lower screening glucose levels. 
Hypothesis 2c: Compared to participants who are in the lower three quartiles of 
sports/exercise or moderate-vigorous activity at the end of the intervention, those in the 
top quartile will have a lower risk of GDM, IGT, AGT, and lower screening glucose 
levels. 
Specific Aim 3: To evaluate the impact of self-reported sedentary behavior on 
glucose abnormalities among high-risk prenatal care patients. 
 Hypothesis 3a: Compared to participants who increase their sedentary behavior, 
those who maintain or decrease their sedentary behavior will have a lower risk of GDM, 
IGT, AGT, and lower screening glucose levels.  
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Hypothesis 3b: Compared to participants who are in the top three quartiles of 
sedentary behavior at baseline, those in the lowest quartile will have a lower risk of 
GDM, IGT, AGT, and lower screening glucose levels. 
Hypothesis 3c: Compared to participants who are in the top three quartiles of 
sedentary behavior at the end of the intervention, those in the lowest quartile will have a 
lower risk of GDM, IGT, AGT, and lower screening glucose levels. 
 
Methods 
 
Study Design and Study Population 
 
The B.A.B.Y. Study was a randomized controlled trial conducted between 2007- 
2012 designed to assess the effectiveness of a 12-week exercise intervention during 
pregnancy on reducing the risk of GDM.  A 12-week program was chosen as it would 
end at or around the time of screening for GDM, at approximately 24-28 weeks gestation.  
The B.A.B.Y. Study was based in the ambulatory obstetrical practices of Baystate 
Medical Center, a large tertiary care facility in Western Massachusetts serving an 
ethnically and socioeconomically diverse population and delivering approximately 4500 
infants each year.  The majority of patients receiving prenatal care at Baystate Medical 
Center live in Holyoke and Springfield, both cities with relatively large Hispanic 
populations (38.8% in Springfield and 48.4% in Holyoke, according to the 2010 Census) 
(51).  Pregnant women were provided with information on study aims at a prenatal care 
visit early in pregnancy, at approximately 10-12 weeks gestation, and if interested were 
asked to provide informed consent before completing a brief screening form to determine 
eligibility.  Participants who were eligible based on the screening form had their medical 
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records reviewed by a study physician to additionally exclude those with 
contraindications to moderate exercise during pregnancy.  
The two main inclusion criteria for the study were being at high risk for GDM and 
not meeting ACOG guidelines for physical activity during pregnancy at enrollment.  
Being at high risk for GDM was defined as meeting one of the following criteria: 1) 
having experienced GDM in a prior pregnancy, or 2) having both a family history of type 
2 diabetes and a BMI greater than 25 kg/m
2
.  Not meeting ACOG guidelines for physical 
activity was defined as not exceeding 30 minutes of moderate or vigorous activity on 3 or 
more days per week.  Women were excluded from the study if they were younger than 18 
or older than 40 years of age, were at more than 20 weeks gestation,  were unable to read 
English at a 6
th
 grade level, did not plan to deliver at Baystate Medical Center, had a non-
singleton pregnancy, had contraindications to engaging in moderate exercise, were 
currently taking medications that adversely influenced glucose tolerance or had a 
personal history of diabetes outside of pregnancy, hypertension, heart disease or chronic 
renal disease.  In total, 488 women met the initial inclusion criteria for the B.A.B.Y. 
Study. 
Eligible participants were block randomized in groups of 8 based on age group 
(<30 or >30 years), pre-pregnancy BMI (≥25 kg/m2 or <25 kg/m2) and ethnicity 
(Hispanic or non-Hispanic) into either the exercise intervention group or a comparison 
health and wellness intervention.  Both the exercise intervention and health and wellness 
intervention were 12-week programs ending at or near the time of routine GDM screen at 
24-28 weeks gestation.  Contact time with health educators and quantity of material 
provided was standardized across groups, with both groups receiving one face-to-face 
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visit at baseline, and weekly and biweekly telephone booster calls and mailed 
informational materials throughout the 12 week program.   
The goal of the exercise intervention was to encourage participants to meet 
ACOG criteria for exercise during pregnancy (30 minutes per day on most days of the 
week) (26). The exercise intervention was tailored to each participant, taking into account 
her baseline physical activity, her readiness to change and her lifestyle and preferences 
for exercise.  At the baseline face-to-face meeting a health educator administered a 
Tailoring Questionnaire to assess each participant’s baseline exercise level and 
motivational readiness to change. Through individual counseling, women were 
encouraged to increase their exercise 10% each week from their baseline level and given 
flexibility in choosing the timing of exercise (multiple short bouts of 10 minutes each 
versus one session) and type of exercise, with an emphasis on increasing day-to-day 
physical activities such as walking. Participant’s stage of change was used to provide 
stage-matched motivational targeted content.   
Changes in each participant’s stage of change were assessed throughout the 
intervention using monthly mailed follow-up Tailoring Questionnaires (with postage-paid 
envelopes), allowing subsequent intervention content to be tailored to each participant’s 
behavioral changes.  Weekly and biweekly booster telephone calls provided 
motivationally-based individualized feedback regarding progress towards exercise goals.  
Participants not meeting exercise goals were given additional exercise counseling focused 
on addressing barriers to exercise.   
Women in the comparison group received a 12-week health and wellness 
intervention.   At the baseline face-to-face visit, participants were provided an ACOG 
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publication covering topics related to a healthy pregnancy (including prenatal care, labor 
and delivery, breastfeeding and child care options) and the health educator discussed 
general issues related to health and wellness during pregnancy with participants.  After 
the baseline visit, participants received weekly and biweekly mailings of ACOG 
informational brochures on healthy pregnancy topics, representing the high-quality low-
cost self-help material generally available to the public, and weekly and biweekly booster 
telephone calls to answer questions regarding the content of the brochures.  
Exposure Assessment 
 
The main exposure of interest in this study is assignment to study group. The 
secondary exposures of interest, change in self-reported: 1) moderate-vigorous intensity 
physical activity, 2) sports/exercise activity, and 3) sedentary behavior, will be based 
upon responses to the 33-item Pregnancy Physical Activity Questionnaire (PPAQ) 
administered at baseline and at the end of the intervention.  At each time period, 
participants were asked to report the relative duration in which they engaged in 
sports/exercise, occupational, household and transportation activities of sedentary, light, 
moderate and vigorous intensity. For the purposes of the current analysis, time spent in 
activities of moderate-vigorous intensity activity and sports/exercise activity at baseline 
and at the end of the intervention will be multiplied by the metabolic equivalent of task 
(MET) for each item to derive MET-hrs/wk in each of these domains of activity (52, 53).  
All MET values were drawn from the Compendium of Physical Activities, except for 
MET values for walking and light- and moderate-intensity household activity, which 
were derived from field-based measurements in pregnant women (52, 54, 55). Change in 
MET hours per week of moderate-vigorous activity and sports/exercise activity from 
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baseline to post-intervention will then be calculated and categorized as decrease 
(referent) vs. maintain/increase.  Total hours spent engaged in sedentary behaviors will 
also be calculated at baseline and at the end of the intervention, and change in sedentary 
behavior will be categorized as increase (referent) vs. maintain/decrease. 
Validity of Exposure Assessment 
 
The main limitation of previous RCTs looking at the effectiveness of exercise 
interventions in reducing the risk of GDM is related to adherence to the intervention.  
Most previous RCTs employ structured, supervised exercise sessions, such as attending a 
group exercise program for 50-55 minutes 3 times per week.  It is possible that structured 
exercise programs requiring participants to attend programs held outside their home 
multiple times per week will have low compliance, due to demands placed on time, issues 
with childcare or other ongoing responsibilities and transportation difficulties.  The 
current intervention utilizes a program that is conducted at home and individually-
tailored to each participant.  This intervention design may therefore have a higher rate of 
compliance than studies with supervised exercise, leading to a higher proportion of 
participants meeting ACOG guidelines in the exercise intervention, and providing more 
power to detect the potential physiologic association between exercise during pregnancy 
and GDM risk. 
The PPAQ has been validated in a population of women attending prenatal care at 
Baystate Medical Center.  Intraclass correlation coefficients for reproducibility were 0.82 
for moderate activity, 0.81 for vigorous activity and 0.83 for sports/exercise activity.  
When compared against minutes per day of moderate-vigorous activity as measured 
through actigraph data, classifying average counts per minute of data as moderate-
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vigorous versus sedentary-light using three separate cut-points, Spearman correlation 
coefficients ranged from 0.20-0.49 for moderate activity, 0.25-0.34 for vigorous activity 
and 0.30-0.44 for sports/exercise activity (54). 
Outcome Assessment 
 
Baystate Medical Center routinely screens prenatal care patients for GDM at 24-
28 weeks using a 50 gram glucose load and a plasma determination 1 hour later (1-hr oral 
glucose challenge test [OGCT]).  If women have a plasma glucose value greater than 135 
mg/dL they are referred for an additional 100 gram glucose load test.  After fasting 
overnight an initial serum glucose load is taken and a 100 gram glucose load given orally.  
Plasma samples are drawn at 1, 2 and 3 hours after glucose administration.  Diagnosis of 
GDM was confirmed by an obstetrician who reviewed the medical records of each 
suspected case and will be defined as 2 or more elevated values at fasting, and 1, 2, and 3 
hours, based on the American Diabetes Association criteria of 95, 180, 155, and 140 
mg/dL, respectively (14). Diagnosis of impaired glucose tolerance (IGT) will be defined 
as exceeding one 1 or more elevated values at fasting, and 1, 2, and 3 hours, respectively. 
A positive screen (>135 mg/dL) on the oral glucose challenge test will be used to define 
abnormal glucose tolerance (AGT). Finally, we will also evaluate the 50g OGCT 
screening glucose value as a continuous outcome.  If more than one 50g OGCT was 
administered for a given participant, the results from the screen conducted at the oldest 
gestational age was included in analysis.  
Validity of Outcome Assessment 
 
The ADA criteria for GDM has a similar predictive value as compared to other 
GDM screening criteria for outcomes associated with GDM.  Prior to the development of 
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the National Diabetes Data Group (NDDG) criteria in 1979, cut-points for the 3-hr, 100g 
OGTT most strongly associated with post-partum development of type 2 diabetes were 
based on measurement of glucose in whole blood, in which contemporary assays had low 
specificity for glucose.  The NDDG specified cut-points for the 3-hour, 100g OGTT most 
strongly associated with development of type 2 diabetes based on measurement of 
glucose in plasma.  In response to improvements in specificity for glucose of new 
enzymatic assays, Carpenter and Coustan developed new criteria for the 3-hour, 100g 
OGTT, lower than the NDDG criteria, which have been adopted by the ADA (56).  As 
compared to the NDDG criteria (3-hour 100g OGTT, with cutpoints of fasting: 105 
mg/dL, 1-hour: 190 mg/dL, 2-hour: 165 mg/dL, 3-hour: 145 mg/dL), the ADA criteria 
had a higher sensitivity (85% for ADA and 75% for NDDG) and lower specificity (47% 
for ADA and 59% for NDDG) for post-pregnancy pre-diabetes and diabetes (56).  Both 
the ADA and NDDG criteria have also been found to be significantly associated with 
macrosomia and gestational hypertension (Prutsky, 2013).  
The International Association of Diabetes and Pregnancy Study Groups 
(IADPSG) developed cut-points for the 2-hour, 75g OGTT based on results of the 
Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study, an international study 
enrolling over 25,000 participants looking at the association between hyperglycemia in 
pregnancy and many pregnancy outcomes (57, 58).   Cut-points were specified at the 
point when three adverse pregnancy outcomes – birth weight >90th percentile, cord C-
peptide >90
th
 percentile and percent body fat >90
th
 percentile –  all had a 75% greater 
odds of occurrence in an adjusted logistic regression model comparing those with glucose 
values at the cut-points versus those with average glucose values (59).   As compared to 
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the International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria 
(2-hour 75g OGTT, with cut-points of fasting: 92 mg/dL, 1-hour: 180 mg/dL, 2-hour: 153 
mg/dL), the ADA criteria resulted in diagnosis of 67% less women with GDM but was 
associated with a similar frequency of large-for-gestational age newborns (6.0% for ADA 
and 7.4% for IADPSG criteria) (60). 
Data from the Hypoglycemia and Adverse Pregnancy Outcome (HAPO) Study 
demonstrated a dose-response relationship between fasting, 1-hour and 2-hours glucose 
continuous measures on the 75g OGTT and several adverse pregnancy outcomes, 
including large for gestational age birthweight (>90
th
 percentile), primary C-section, 
clinical hypoglycemia and cord C-peptide >90
th
 percentile (58).  By classifying all 
participants according to their screening glucose levels in this study, we will be able to 
evaluate dose response among participants.  Although the non-fasting 1hour, 50g OGTT 
has relatively poor specificity for identifying women with glucose intolerance during 
pregnancy, as its main function is to screen out women who have normal glucose 
tolerance from unnecessarily taking the 3-hour, 100g OGTT, the 50g OGTT still provides 
a crude separation of participants by glucose tolerance, and may provide a catchment of 
participants with smaller degrees of glucose intolerance, who may not exceed any of the 
cutpoints on the 100g OGTT, albeit with a higher level of misclassification than that 
present in the categorization of participants by the fasting 100g OGTT.   
Covariate Assessment 
 
Sociodemographic factors, including ethnicity, education, annual household 
income and marital status, and health behaviors, including alcohol and tobacco use both 
pre-pregnancy and during early pregnancy, were assessed through a structured 
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questionnaire given at recruitment.  Pre-pregnancy BMI was determined through medical 
record review, and when not available was determined through self-report at enrollment. 
Information on ot-her types (occupational, household and transportation) and intensities 
(vigorous, moderate, light and sedentary) of physical activity were also assessed using the 
PPAQ. 
 
Data Analysis 
Specific Aim 1: Study Group and Measures of Glucose Intolerance 
Specific Aim 1: To evaluate the effectiveness of a 12-week exercise intervention 
as compared to a comparison health and wellness intervention in reducing glucose 
abnormalities among high-risk prenatal care patients. 
Univariate Analysis: Descriptive analyses will be conducted to summarize 
demographic variables, exposure groups and outcome groups.  Numbers and frequencies 
will be calculated for categorical variables and means and standard deviations (or 
medians and range as appropriate) for continuous variables (Tables 1-3). 
Bivariate Analysis: Bivariate analyses will be conducted to compare baseline 
characteristics between the intervention and health and wellness groups as well as by 
categorical (GDM, AGT, IGT) and continuous (1-hour glucose) outcome variables using 
Pearson’s chi square or Fisher’s exact test for categorical variables and Student’s t-test or 
ANOVA for continuous variables (Tables 3-6).     
All analyses of the impact of the intervention will be conducted as intent-to-treat.  
Logistic regression will used to assess the impact of the intervention on GDM, IGT, and 
AGT.  Linear regression will be used to assess the impact of the intervention on screening 
glucose level (Table 7).  Additionally, risk ratios will be estimated for GDM, IGT and 
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AGT using a log-binomial model, as GDM is a relatively rare outcome and this provides 
a more easily interpretable estimate of increased risk (relative risk versus odds ratio) 
(Table 7).   
Multivariable Analysis: To test for imbalance by study group assignment, any 
covariates which vary significantly by study group, as assessed through chi-square tests 
as outlined above, will be tested for significance in the models for GDM, IGT and AGT 
and 1-hour glucose.  Any covariate that results in a 10% or greater change in the main 
effect estimate will included in the final model (Table 8). 
Age (<30 years, ≥30 years), ethnicity (Hispanic, non-Hispanic), pre-pregnancy 
BMI (<30 kg/m
2, ≥30 kg/m2) and parity will be evaluated as effect modifiers of the OR 
by including interaction terms in multiple logistic and multiple linear regression models.  
While the association of age and BMI with risk of GDM is monotonic, cut-points were 
chosen for these variables in order to divide each into a higher- and lower-risk group 
based on proportion of participants in each group.  For any potential effect modifiers that 
result in a significant likelihood ratio test for the full versus reduced model, the results 
will be stratified by levels of the effect modifier (Tables 9+10).   
 
Specific Aim 2: Self-Reported Physical Activity and Measures of Glucose 
Intolerance 
Specific Aim 2: To evaluate the impact of self-reported physical activity (i.e., 
moderate-vigorous intensity physical activity and sports/exercise activity) on glucose 
abnormalities among high-risk prenatal care patients. 
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Univariate Analysis: Descriptive analyses will be conducted as under specific aim 
1.  Numbers and frequencies will be calculated for categorical variables and means and 
standard deviations for continuous variables (Tables 1-3). 
Bivariate Analysis: Bivariate analyses will be used to compare baseline 
characteristics by change in moderate/vigorous and sports/exercise activity from pre- to 
post-intervention (Tables 11-14) as well as by the outcomes of interest (Tables 4-6) using 
Student’s t test or ANOVA for continuous variables and Pearson’s chi square or Fisher’s 
exact test for categorical variables.   
Logistic regression will be used to conduct an initial unadjusted analysis of the 
association between change in moderate/vigorous and sports/exercise activity and odds of 
GDM, IGT and AGT.  Linear regression will be used to conduct an initial unadjusted 
analysis of the association between change in moderate/vigorous and sports/exercise 
activity and screening glucose levels (Tables 15+16).   
Multivariable Analysis: Multivariable adjusted analyses will be conducted to 
assess the impact of change in moderate/vigorous and sports/exercise activity on 
occurrence of GDM, IGT and AGT, as well as screening glucose levels. This analysis 
will be adjusted for potential confounding factors, and all factors resulting in a change in 
more than 10% of the effect estimate will be included in the final model (Tables 17+18). 
Age (<30 years, ≥30 years), ethnicity (Hispanic, non-Hispanic), pre-pregnancy 
BMI (<30 kg/m
2, ≥30 kg/m2) and parity will be evaluated as effect modifiers by 
including interaction terms in multiple logistic and multiple linear regression models.  
For any potential effect modifiers that result in a significant likelihood ratio test for the 
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full versus reduced model, the results will be stratified by levels of the effect modifier 
(Tables 19+20).   
 
Aim 3: Sedentary Behavior and Measures of Glucose Intolerance 
Specific Aim 3: To evaluate the impact of self-reported sedentary behavior on 
glucose abnormalities among high-risk prenatal care patients. 
Univariate Analysis: Descriptive analyses will be conducted as under specific aim 
1.  Numbers and frequencies will be calculated for categorical variables and means and 
standard deviations for continuous variables (Tables 1-3). 
Bivariate Analysis: Bivariate analyses will be used to compare baseline 
characteristics by change in sedentary behavior (Tables 21+22) as well as by the 
outcomes of interest (Table 4-6) using Student’s t test for continuous variables and 
Pearson’s chi square or Fisher’s exact test for categorical variables.   
Logistic regression will be used to conduct an initial bivariate analysis of the 
association between change in sedentary behavior and odds of GDM, IGT and AGT.  
Linear regression will be used to conduct an initial bivariate analysis of the association 
between change in sedentary behavior and screening glucose levels (Table 23).   
Multivariable Analysis: Multivariate adjusted analyses will be conducted as 
described in aim #2. This analysis will be adjusted for potential confounding factors, and 
all factors resulting in a change in more than 10% of the effect estimate will be included 
in the final model (Table 24). For any potential effect modifiers that result in a significant 
likelihood ratio test for the full versus reduced model, the results will be stratified by 
levels of the effect modifier.   
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Power and Sample Size 
A total of 290 women were initially randomized into the B.A.B.Y. Study.  Of 
those who enrolled, based on prior research in this study population, we expect 10% to 
have a history of GDM in a prior pregnancy with a recurrence rate of 50% (5-8), and 90% 
to have a pre-pregnancy BMI greater than 25 kg/m
2
 and a family history of type 2 
diabetes with an expected risk of GDM of 12% (9).  The combined recurrence rate of 
GDM is therefore expected to be approximately 16% ([0.1*0.5]+[0.9*0.12]).  Given an 
expected loss to follow-up of 15%, the average loss to follow-up in a similar randomized 
controlled trial conducted by Luoto et al. (41), we expect a final study population of 246 
(exercise = 123, health and wellness = 123).  In this study population, with a ratio of 
exposed to unexposed of 1:1, the powers to detect a range of odds of GDM, IGT and 
AGT in the exercise group as compared to the health and wellness group assuming a 0.05 
two-sided significance level are presented in table 25.  Based on prior observational 
research, we would expect an odds of 0.76 for the effect of the exercise intervention on 
development of GDM (24). 
 In a similar randomized controlled trial conducted by Barakat et al., mean 1-hour 
glucose value for a 50g OGTT administered between 24-28 weeks gestation was 
103.82±20.4 mg/dL for the exercise arm and 126.93±29.5 mg/dL for the comparison arm 
(37).  Assuming as above that the ratio of exposed to unexposed in the present study is 
1:1 (n=246), this would result in 100% power to detect a mean difference of 23 ng/mL as 
found in Barakat et al. with similar variability in group means (37).  The power to detect 
a range of mean differences in 1-hour blood glucose values on the 50g OGTT is 
presented in table 26. 
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 Based on an expected conservative 1:2 ratio of participants who increase/maintain 
verses decrease their moderate/vigorous and sports/exercise activity as observed in 
previous studies conducted in this population (6), the power to calculate a given range of 
odds of GDM, IGT and AGT for those increasing/maintaining their activity versus those 
decreasing their activity is presented in table 27.  The power to detect a range of mean 
difference in 1-hour blood glucose values on the 50g OGTT for those who 
increase/maintain versus decrease their activity is presented in table 28.  Similarly, 
assuming a 1:2 ratio of participants who decrease versus increase their sedentary 
behavior, the power to detect a range of odds of GDM, IGT and AGT is presented in 
table 27 and the power to detect a range of mean difference in 1-hour blood glucose 
values on the 50g OGTT for those who increase/maintain versus decrease their activity is 
presented in table 28.   
Results 
Study Population Characteristics 
 
 Of the 488 participants initially enrolled in the study, 290 met study inclusion 
criteria and were randomized into the exercise or health and wellness groups.  Primary 
reasons for exclusion prior to randomization include medical contraindications to 
exercise (n=54), lack of interest, time or moving from the area (n=58) and difficulty 
scheduling the face-to-face randomization visit (n=76).  After randomization, participants 
were additionally excluded from the final analysis if they had medical contraindications 
to exercise, experienced a miscarriage/termination of pregnancy or were missing data on 
glucose test results, leaving a final study group for analysis of 251 participants (Figure 1). 
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 A total of 49.4% of participants were randomized into the exercise group and 
50.6% into the control group.  At baseline, median sports/exercise activity was 3.8 (IQR 
0.4, 11.9) MET-hrs/wk and median moderate-vigorous activity was 64.9 (IQR 28.2, 
124.5) MET-hrs/wk (Table 1, Figure 2).  Sports/exercise activity increased from baseline 
to post-intervention in the exercise group (median= 4.5; IQR: -0.2, 11.4 MET-hrs/wk) 
and remained unchanged in the health and wellness group (median = 0; IQR: -4.5, 3.1 
MET-hrs/wk).  Moderate-vigorous activity increased slightly in the exercise group 
(median = 1.7; IQR -49.2, 35.9 MET-hrs/wk) and decreased in the health and wellness 
group (median = -18.4; IQR -62.7, 5.9 MET-hrs/wk). GDM was diagnosed in 12.4% of 
study participants, IGT in 16.3% and AGT in 31.5%.  Mean screening glucose level at 
the non-fasting 50g OGCT was 118.8 (SD 30.3) mg/dL (Table 2).  Gestational age at 
OGCT did not vary significantly by study group (exercise group: 26.9 [95% CI 27.7, 
29.4] weeks and health and wellness group: 27.0 [95% CI 27.0, 29.6] weeks). 
 The majority of study participants were young (49.1% less than 25 years), 
Hispanic (60.2%), low-income (53.7% with household incomes less than $30,000/year) 
and with low to moderate levels of educational attainment (52.2% did not receive 
education beyond high school).  Most participants reported living with a partner (57.8%) 
and one-quarter were married (24.3%).  The majority of participants were parous (70.1%) 
and overweight (34.7%) or obese (62.2%).  One-tenth had a history of GDM in a prior 
pregnancy (9.6%), and the majority had a family history of type 2 diabetes in a first-
degree relative (93.6%) (Table 3). 
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Aim 1: Study Group and Measures of Glucose Intolerance 
 Covariates were balanced across study group with the exception of education and 
parity.  Participants in the exercise group were more likely to have higher educational 
attainment (post-high school education: 48.4% in exercise group and 30.7% in health and 
wellness group; p=0.034) and were less likely to be parous (parity: 62.9% in exercise 
group vs. 77.2% in health and wellness group; p=0.010) (Table 3). 
 Only personal history of GDM and being married were significantly and 
positively associated with GDM. In terms of IGT, older age, higher household income, 
being married and a personal history of GDM were associated with increased risk; while 
Hispanic ethnicity was associated with a decreased risk. Older age, non-Hispanic 
ethnicity, being married and a personal history of GDM were associated with higher 
screening glucose values (Tables 4-6).   
 The exercise group had a lower odds of GDM (OR 0.62, 95% CI 0.28, 1.32), IGT 
(OR 0.68, 95% CI 0.35, 1.34) and AGT (OR 0.86, 95% CI 0.51, 1.47) as compared to the 
health and wellness group, although these findings were not statistically significant 
(Table 7).  The results from the log-binomial analyses were similar, with estimates 
somewhat closer to the null value as expected (OR 0.65, 95% CI 0.33, 1.28 for GDM), 
and none of the findings were statistically significant.  Screening glucose level was on 
average approximately 2 mg/dL lower in the exercise group as compared to the health 
and wellness group (β -1.95 [SE 3.86] mg/dL, p=0.614) (Table 7).  Adjusting for 
education and parity did not meaningfully alter these associations (Table 8).  
Additionally, age (<30 years, ≥30 years), ethnicity (Hispanic, non-Hispanic), pre-
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pregnancy BMI (<30 kg/m
2, ≥30 kg/m2) and parity were not significant effect modifiers 
of the relationship between study group and GDM. 
 
Aim 2: Self-Reported Physical Activity and Measures of Glucose Intolerance 
 None of the covariates were significantly associated with sports/exercise activity 
(Tables 11-12), while increasing age was positively associated with post-intervention 
moderate-vigorous activity, although the association was not linear (Tables 13-14). 
In unadjusted analyses, there was the suggestion that women with high baseline or 
post-intervention sports/exercise activity or who increased sports/exercise activity during 
pregnancy had an increased odds of GDM, IGT and AGT and a higher screening glucose 
level, but these findings were not statistically significant (Table 15).  There were no 
statistically significant associations between high moderate-vigorous activity at baseline 
or post-intervention and measures of glucose intolerance. There was the suggestion that 
those who increased their moderate-vigorous activity had a lower odds of GDM and IGT 
but, again, these findings were not statistically significant (Table 16).   
 Multivariable analyses adjusted for age (continuous), Hispanic ethnicity (yes vs. 
no) and marital status (married vs. not married). For analyses of post-intervention activity 
and change in activity, we also adjusted for baseline activity levels.  Women with high 
levels of baseline sports/exercise had a 2-fold higher risk of AGT (OR 2.04, 95% CI 1.07, 
3.90) and a 10 mg/dL higher average screening glucose level (β 10.04 [SE 4.65] mg/dL, 
p=0.032) as compared to women with lower levels.  Women who increased their 
sports/exercise activity during pregnancy had a 4-fold higher risk of GDM (OR 4.09, 
95% CI 1.16, 14.42), an almost 3-fold higher risk of AGT (OR 2.80, 95% CI 1.14, 6.83) 
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and on average 11 mg/dL higher screening glucose levels (β 11.13 [SE 5.35] mg/dL, 
p=0.039) as compared to women who decreased this activity (Table 17).  There were no 
significant associations between moderate-vigorous activity and measures of glucose 
intolerance in multivariable analyses (Table 18).  Additionally, age (<30 years, ≥30 
years), ethnicity (Hispanic, non-Hispanic), pre-pregnancy BMI (<30 kg/m
2, ≥30 kg/m2) 
and parity were not significant effect modifiers of the relationship between self-reported 
physical activity and GDM. 
 
 Aim 3: Sedentary Behavior and Measures of Glucose Intolerance  
 None of the covariates were significantly related to sedentary behavior, with the 
exception of pre-pregnancy alcohol consumption; those who reported pre-pregnancy 
alcohol consumption were more likely to have high levels of sedentary behavior at 
baseline (p=0.032) (Table 21).   
 In unadjusted models, low levels of sedentary activity at baseline and post-
intervention were not significantly associated with GDM, IGT and AGT, nor with 
screening glucose levels.  Similarly, decreasing sedentary activity during pregnancy was 
not significantly associated with these outcomes (Table 23).  Findings were virtually 
unchanged in multivariable models (Table 24).  Additionally, age (<30 years, ≥30 years), 
ethnicity (Hispanic, non-Hispanic), pre-pregnancy BMI (<30 kg/m
2, ≥30 kg/m2) and 
parity were not significant effect modifiers of the relationship between self-reported 
sedentary behavior and GDM. 
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Discussion 
Summary of Findings 
 This randomized trial investigated the effectiveness of an exercise intervention 
during pregnancy in reducing the risk of GDM as compared to a health and wellness 
intervention.  Participants in the exercise group had a 38% lower odds of GDM, 32% 
lower odds of IGT, 14% lower odds of AGT and a 1.95 mg/dL lower screening glucose 
level as compared to participants in the health and wellness group, although these results 
were non-significant.  In evaluating the association between self-reported change in 
exercise and sedentary behavior and risk of GDM and other measures of glucose 
intolerance, most of the findings were null.  Although increasing sports/exercise activity 
from baseline to post-intervention was significantly associated with a higher risk of 
GDM, AGT and a higher screening glucose level, opposite of the relationship 
hypothesized, a significant association between moderate-vigorous and sedentary 
behavior and risk of GDM was not observed, suggesting that the findings related to 
sports/exercise activity should be evaluated with caution.  
 Results from a study investigating the adherence of the exercise group to the 
intervention content have been previously published (Hawkins, 2014).  These findings 
demonstrate that participants in the exercise group had a significantly greater increase in 
sports/exercise activity during the intervention as compared to participants in the health 
and wellness group (0.3±9.8 and 5.3±11.4 MET-hrs/wk, respectively, p=0.002), as that 
participants in the exercise group also had a smaller decrease in moderate-vigorous 
activity during the intervention as compared to participants in the health and wellness 
group (-30.6± and -10.6± MET-hrs/wk, respectively, p=0.09), although this finding was 
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not significant.  Participants in the exercise intervention were also twice as likely to meet 
ACOG guidelines for exercise during pregnancy as compared to participants in the health 
and wellness group (OR 2.1, 95% CI 1.5, 3.1).  These findings support the effectiveness 
of the intervention in promoting sports/exercise activity during pregnancy, lessening the 
concern for the impact on non-adherence on study results. 
Consistency with Prior Literature 
 Our results indicating a non-significant lower risk of GDM with participation in 
an exercise intervention are consistent with the general trend of findings from previous 
randomized trials.  A meta-analysis by Yin et al. found that exercise interventions were 
associated with a 9% lower odds of GDM, although the results were non-significant (50).  
Oostdam et al. conducted a randomized trial of group exercise during pregnancy as 
compared to usual care, and found that the exercise group had a 35% lower odds of GDM 
as compared to the usual care group (OR=0.65, 95% CI 0.27-1.55) (42).  Luoto et al. 
conducted a combined exercise and dietary intervention targeting women at high-risk for 
GDM.  The authors found that women in the exercise group had a 36% greater odds of 
GDM as compared to usual care (OR=1.36, 95% CI 0.71-2.62), but the results were non-
significant (41).  In the only study to find a significant association between exercise 
intervention and risk of GDM, Barakat et al. randomized 510 participants to group 
exercise or usual care, and utilized the lower WHO cut-point on the fasting 75g 2-hour 
OGTT.  The authors found that women in the exercise group had a significant 38% lower 
odds of GDM as compared to women in usual care (OR=0.62, 95% CI 0.40-0.98).  .  
Notably, this finding was attenuated when using the higher IADPSG cut-point on the 75g 
OGTT (OR=0.90, 95% CI 0.52-1.57) (38).   
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In summary, aside from a few studies such as Luoto et al. finding an increased 
risk of GDM among women assigned to exercise during pregnancy, the general 
consistency in finding a non-significant lower odds of GDM with participation in an 
exercise intervention suggests that assignment to exercise may be effective in reducing 
the risk of GDM, but also highlights the difficulty of conducting trials with adequate 
power to investigate this relatively rare outcome, especially when considering the 
potential for non-adherence in both the exercise and comparison groups. 
 None of the past randomized trials of the effect of an intervention on risk of GDM 
evaluated the association between self-reported change in exercise or sedentary behavior 
and risk of GDM.  A meta-analysis of observational studies of this association by Tobias 
et al. found that women reporting high amounts of exercise during pregnancy had a 24% 
lower odds of GDM as compared to women reporting low amounts of exercise 
(OR=0.76, 95% CI 0.70-0.83) (24).  These findings are not corroborated by the findings 
from this study, in which most associations between physical activity or sedentary 
behavior and GDM were null, and for a few measures, such as change in sports/exercise 
during pregnancy, were associated with a greater risk of GDM.  In the context of limited 
evidence to suggest that a higher volume of exercise may confer a higher risk of GDM,. 
this suggests that confounding of either change in exercise or validity of reported volume 
of exercise or sedentary behavior and risk of GDM may have occurred in this study.   
Physiologic Mechanisms 
 The findings from this study indicating that the exercise group had a non-
significantly lower risk of GDM, IGT and AGT and a lower screening glucose level as 
compared to the health and wellness group are consistent with knowledge regarding the 
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role of exercise in improving glucose tolerance and insulin sensitivity.  Exercise may 
increase insulin sensitivity through several mechanisms, including increasing the insulin 
sensitivity of skeletal muscle by increasing GLUT4 transport (31, 32) and reducing 
oxidative stress, leading to an improvement in beta cell and endothelial function (30, 33).  
Exercise additionally may improve insulin sensitivity through exercise-induced changes 
in body composition (34-36).  The findings suggesting that women with the highest levels 
of sports/exercise activity may have an increased risk of GDM and other measure of 
glucose intolerance are not supported by the physiologic mechanisms underlying the 
relationship between exercise and glucose intolerance and insulin resistance, but warrant 
further investigation. 
Limitations 
 There are several limitations that may have affected our study.  First, the method 
of screening for and diagnosing GDM may have resulted in non-differential 
misclassification of GDM and other measures of glucose intolerance.  A 50g 1-hour 
OGCT was used to screen participants for potential glucose intolerance at approximately 
24-28 weeks gestation and defined AGT.  As the test is non-fasting, the concentration of 
blood glucose recorded may represent both baseline glucose intolerance and recent 
glucose intake through diet (14). The blood glucose cut-points used for GDM diagnosis 
are calibrated for a clinical environment, with a higher likelihood of a false-positive result 
than a false-negative result to minimize the number of patients with GDM who are not 
provided appropriate monitoring and treatment.  This likely led to some degree of 
misclassification of GDM status.  As the potential for misclassification of measures of 
glucose intolerance is not expected to vary by intervention arm or by reported change in 
 37 
exercise or sedentary behavior, both likely biased the results towards the null. Although 
misclassification due to diagnosis of GDM likely occurred, the test used to diagnose 
GDM in this study is standard in both clinical care and research, and no methods of 
assessing GDM are without this bias.  
 Timing of GDM screen is also a concern as a potential source of non-differential 
misclassification.  Although it is the policy of Baystate Medical Center to screen pregnant 
women for GDM between 24-28 weeks gestation, some participants in the study were 
screened at an earlier or later gestational age (range 13.1 to 36.9 weeks, with 90% of 
observations falling between 24.6 to 33.0 weeks).  However, as women with GDM tend 
to become more symptomatic with increasing gestational age, and therefore will likely 
receive additional screening, the concern of undetected GDM is minimal.  As gestational 
age at OGTT did not vary by study group or reported activity or inactivity, resulting 
misclassification due to early or late gestational age at OGTT would likely result in a bias 
towards the null. 
 For aims 2 and 3, in evaluating self-reported physical activity and sedentary 
behavior, the use of a frequency questionnaire may have introduced non-differential 
misclassification of estimates of the amount of physical activity and sedentary behavior.  
.  Both over- and under-reporting are possible, as participants may have experienced 
difficulty accurately determining their average amounts of each type of activity, may 
report the same activity for more than one question, may not report an activity if they felt 
it was not captured in the questionnaire or may over-report activity and under-report 
inactivity due to the perceived social desirability of their responses.  As this misreporting 
is expected to be non-differential with respect to outcome, it would result in a bias 
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towards the null.  This bias was likely minimized by the use of a questionnaire that was 
validated in the population in which the present study was conducted, with intraclass 
correlation coefficients for reproducibility of 0.82 for moderate activity, 0.81 for vigorous 
activity and 0.83 for sports/exercise activity (54).   
 As a second limitation, selection bias may have impacted the study through 
differential loss to follow-up for the 1
st
 aim (i.e., an intent-to-treat analysis of risk of 
GDM), and through both differential selection into the study and loss to follow-up for the 
2
nd
 and 3
rd
 aims (i.e., self-reported physical activity or sedentary behavior and risk of 
GDM).  In terms of the 1
st
 aim, if loss to follow-up is differential by assignment to study 
group and risk of GDM, this could bias the results either away from or towards the null.  
For example, if women who experience more stress are more likely to withdraw from the 
exercise intervention due to perceived burden of the requirement for additional daily 
physical activity, and they also have an independently higher risk for GDM due to the 
effects of stress, this would bias the results away from the null.  Although loss to follow-
up has the potential to introduce bias, it is not a great concern in this study as reasons for 
loss to follow-up (medical contraindications to exercise, miscarriage/termination, missing 
glucose value and last GDM screen occurring prior to randomization) are factors 
unrelated to study group assignment, which is supported by the fact that both the overall 
number lost and the distribution of reasons for loss to follow-up were similar between the 
exercise and health and wellness groups. 
 For specific aims 2 and 3 (self-reported physical activity/sedentary behavior and 
risk of GDM), selection bias may have occurred through differential entry into the study 
based on factors related to both physical activity/sedentary behavior and GDM. For 
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example, older participants are more likely to develop GDM, and may also be more likely 
to decrease their exercise during mid-pregnancy due to having children in the home and 
therefore potentially a lack of available time and a higher stress level. If older women 
were less likely to participate in the study than younger women, the results would be 
biased towards the null. Although it is possible that this selection bias may have occurred, 
the effect is expected to be minimal, as the intervention was individually tailored to 
participants’ lifestyle and time commitments, lessening the burden of participation. 
 As a third potential limitation, confounding, may have been introduced into the 
study through unequal distribution of covariates associated with GDM by study group 
despite randomization for aim 1 (intent-to–treat analysis), and through unmeasured or 
incompletely measured covariates associated with self-reported physical activity or 
sedentary behavior and risk of GDM for aims 2 and 3.  For aim1, the distribution of 
educational attainment and parity were significantly different between the exercise and 
health and wellness groups.  Despite this imbalance, the results in the unadjusted model 
and the model adjusted for education and parity were similar, suggesting that the 
imbalance in distribution of these factors by study group likely had either no effect or a 
minimal effect on the results. 
 For aims 2 and 3 (self-reported physical activity/sedentary behavior and risk of 
GDM), confounding is a potential concern.  In one scenario, women who had major risk 
factors for GDM may have been more likely to be informed about, and therefore 
concerned about, the importance of exercising during pregnancy.  If women who were at 
higher risk for GDM were therefore more likely to increase their physical activity both in 
response to the content of the exercise intervention and/or independently in the health and 
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wellness intervention, this would induce an association between a greater volume of 
exercise and a higher risk of GDM.  Although this study evaluated several potential 
confounders, such as personal history of GDM, pre-pregnancy BMI and age, there may 
be unmeasured confounders that could not be adjusted for.   In a second scenario, this 
same group of participants – those who have major risk factors for GDM and are aware 
and concerned about the importance of exercise during pregnancy – may be more likely 
to over-report exercise and under-report sedentary behavior than participants with fewer 
risk factors for GDM, which would induce an association between a higher reported level 
of exercise/lower level of sedentary behavior and a higher risk of GDM.  The observed 
association suggesting a higher risk of GDM with a greater volume of exercise/lower 
volume of sedentary behavior could have been due to a combination of both of these 
factors.   
 In terms of generalizability of study findings, while there have been few studies 
that have looked at whether the physiologic effect of exercise on risk of GDM or other 
indicators of glucose tolerance vary by individual factors such as age, the efficacy of the 
intervention in changing exercise levels may vary by many factors, including 
demographic and psychosocial factors.  Future studies should consider age in addition to 
other demographic and psychosocial factors in evaluating the efficacy of specific 
intervention models.   
Conclusions 
 This study found that pregnant women participating in an exercise intervention 
during pregnancy had a 38% lower odds of GDM as compared to women participating in 
a comparison health and wellness intervention, although these results were non-
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significant.  This adds to existing evidence that interventions targeting exercise during 
pregnancy may be effective in preventing GDM, but also highlights the difficulty in 
demonstrating a significant association in a single study, due to the rarity of the outcome 
and the potential for non-adherence.  Additionally, this study found a significant positive 
association between high levels of sports/exercise activity and risk of GDM, which, while 
not supported by the findings related to moderate-vigorous or sedentary activity, should 
be explored in future research.  More research is needed in this area, particularly studies 
that are tailored to diverse populations, that include strategies to promote and foster 
adherence and studies that utilize evolving technology to provide an objective measure of 
volume of physical activity.  Additionally, a focus on studies that are readily adaptable to 
clinical setting is important in linking this body of research to practice.   
Significance 
Observational research suggesting an association between exercise during 
pregnancy and GDM as well as the overall low rates of exercise among pregnant women 
in the United States suggest that implementing interventions aimed at increasing exercise 
during pregnancy may be a potential strategy to reduce prevalence of GDM.  However, 
because of the limits of observational research, randomized studies are needed to evaluate 
the effectiveness of exercise interventions during pregnancy in reducing risk of GDM.  
This study adds to the current literature by assessing the effectiveness of an 
individualized, culturally-tailored intervention aimed at increasing exercise during 
pregnancy and risk of GDM in a diverse cohort of women.  Although the findings of an 
association between participation in the exercise intervention and a lower odds of GDM 
were not statistically significant, they are of similar direction and magnitude to the results 
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from several other similar trials, suggesting that a larger study may demonstrate an 
association between an exercise intervention and a lower odds of GDM.  If effective, 
More research should be conducted focused on practical interventions aimed at 
increasing exercise during pregnancy. 
Human Subjects Protections 
 The B.A.B.Y. Study was approved by the Institutional Review Boards of the 
University of Massachusetts Amherst and Baystate Medical Center.  Participants were 
informed of the aims of the study at the time of their first prenatal visit and, if they 
expressed interest in the study, written informed consent was obtained that contained 
information on the purpose of the study, the voluntary nature of participation, the length 
of the study, study activities, risks of participation, benefits of participation, privacy 
protections and contact information for future questions and/or concerns. 
 All study records, including completed questionnaires and data abstracted from 
medical records were maintained in locked file cabinets in a locked office.  Electronic 
files were maintained on a password-protected secure server, to which only study 
personnel had access.  All study personnel received training in privacy protocols.   
 The risks of participation in this study were determined to be minimal, and all 
participants were carefully evaluated throughout pregnancy to ensure the safety of 
participation in a regular exercise program.  Participants who developed counter-
indications to participation in regular exercise were immediately withdrawn from the 
study and received counseling through regular medical care at Baystate Medical Center.   
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Figure 1.1. Participant Flow Chart – B.A.B.Y. Study, 2007-2012 
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Figure 1.2. Frequency distributions of sports/exercise activity and moderate-
vigorous activity at baseline, post-intervention and in change from baseline to post-
intervention 
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Figure 1.3. Frequency distributions of sedentary activity at baseline, post-
intervention and in change from baseline to post-intervention 
 
 
 
 
 
 
Aim 1 - Intent-to-treat n %
Study group
Exercise 124 49.4
Health and Wellness 127 50.6
Aims 2+3 - Change in exercise and sedentary behavior n %
Sports/exercise activity (MET-hrs/wk)
Baseline
Quartile 4 (≥11.9) 55 24.2
Quartiles 1-3 (<11.9) 172 75.8
Post-intervention
Quartile 4 (≥14.5) 41 24.7
Quartiles 1-3 (<14.5) 125 75.3
Change from baseline to post-intervention
Maintain/increase 98 63.6
Decrease 56 36.4
Moderate-vigorous activity (MET-hrs/wk)
Baseline
Quartile 4 (≥124.5) 56 25.0
Quartiles 1-3 (<124.5) 168 75.0
Post-intervention
Quartile 4 (≥105.4) 42 25.3
Quartiles 1-3 (<105.4) 124 74.7
Change from baseline to post-intervention
Maintain/increase 63 41.2
Decrease 90 58.8
Sedentary behavior (hours/day)
Baseline
Quartile 1 (<1.0) 49 22.4
Quartiles 2-4 (≥1.0) 170 77.6
Post-intervention
Quartile 1 (<1.0) 33 19.6
Quartiles 2-4 (≥1.0) 135 80.4
Change from baseline to post-intervention
Maintain/decrease 198 78.9
Increase 53 21.1
Table 1.1. Distribution of participants by study group, exercise and sedentary 
behavior: B.A.B.Y. Study (n=251)
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Measures of glucose intolerance
1
n %
Gestational diabetes mellitus
Yes 31 12.4
No 220 87.6
Impaired glucose tolerance
Yes 41 16.3
No 210 83.7
Abnormal glucose tolerance
Yes 79 31.5
No 172 68.5
Mean SD
Screening glucose level (ng/mL) 118.8 30.3
1
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding 
two or more cut-points and impaired glucose tolerance (IGT) as exceeding one or 
more cutpoints on the 100g 3-hour glucose tolerance test according to the American 
Diabetes Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 
mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal glucose tolerance (AGT) was 
defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
Table 1.2. Distribution of gestational diabetes mellitus, impaired glucose 
tolerance, abnormal glucose tolerance and mean 1-hour glucose level for 50g 
OGTT screen: B.A.B.Y. Study (n=251)
48 
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 27 10.8 16 12.9 11 8.7 0.336
20-24 96 38.3 51 41.1 45 35.4
25-29 61 24.3 25 20.2 36 28.4
30-40 67 26.7 32 25.8 35 27.6
Ethnicity
Hispanic 151 60.2 69 55.7 82 64.6 0.149
Non-Hispanic 100 39.8 55 44.4 45 35.4
Education
Less than high school 57 22.7 26 21.0 31 24.4 0.034
High school graduate or GED 74 29.5 31 25.0 43 33.9
Post high school 99 39.4 60 48.4 39 30.7
Missing 21 8.4 7 5.7 14 11.0
Household income
<$15,000 99 39.4 47 37.9 52 40.9 0.119
$15,000-<$30,000 36 14.3 23 18.6 13 10.2
≥$30,000 50 19.9 21 16.9 29 22.8
Don't know/refused 46 18.3 26 21.0 20 15.8
Missing 20 8.0 7 5.7 13 10.2
Marital status
Single/separated/divorced/widowed 187 74.5 91 73.4 96 75.6 0.461
Married 61 24.3 33 26.6 28 22.1
Refused/Missing 1 0.4 0 0 1 0.8
Missing 2 0.8 0 0 2 1.6
Live with Partner
Yes 145 57.8 75 60.5 70 55.1 0.671
No 86 34.3 42 33.9 44 34.7
Missing 20 8.0 7 5.7 13 10.2
Adults in household
1 58 23.1 25 20.2 33 26.0 0.395
2 121 48.2 65 52.4 56 44.1
≥3 59 23.5 31 25.0 28 22.1
Missing 13 5.2 3 2.4 10 7.9
Table 1.3. Distribution of covariates by study group: B.A.B.Y. Study (n=251)
Exercise 
Intervention 
(n=124)
Health & 
Wellness 
Intervention
(n=127)
Total
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Table 1.3, continued. Distribution of covariates by study group: B.A.B.Y. Study
n % n % n % p-value
1
Children in household
0 58 23.1 34 27.4 24 18.9 0.271
1 93 37.1 49 39.5 44 34.7
2 61 24.3 25 20.2 36 28.4
≥3 30 12.0 15 12.1 15 11.8
Missing 9 3.6 1 0.8 8 6.3
Health status and risk factors
Parity
Nulliparous 65 25.9 41 33.1 24 18.9 0.010
Parous 176 70.1 78 62.9 98 77.2
Missing 10 4.0 5 4.0 4 3.9
Pre-pregnancy BMI
<25 kg/m
2
8 3.2 3 2.4 5 3.9 0.284
25-<30 kg/m
2
87 34.7 38 30.7 49 38.6
30-<40 kg/m
2
156 62.2 83 66.9 73 57.5
Personal history of GDM
Yes 24 9.6 9 7.3 15 11.8 0.255
No 209 83.3 104 83.9 105 82.7
Missing 18 7.2 11 8.9 7 5.5
Family history of diabetes mellitus
Yes 235 93.6 115 92.7 120 94.5 0.617
No 3 1.2 2 1.6 1 0.8
Missing 13 5.2 7 5.7 6 4.7
Smoking pre-pregnancy
>10 cigarettes/day 17 6.8 9 7.3 8 6.3 0.976
≤10 cigarettes/day 64 25.5 32 25.8 32 25.2
No 149 59.4 75 60.5 74 58.3
Missing 21 8.4 8 6.5 13 10.2
Smoking during pregnancy
>10 cigarettes/day 2 0.8 0 0 2 1.6 0.405
≤10 cigarettes/day 31 12.4 17 13.7 14 11.0
No 191 76.1 94 75.8 97 76.4
Missing 27 10.8 13 10.5 14 11.0
Alcohol use pre-pregnancy
Yes 115 45.8 63 50.8 52 40.9 0.187
No 115 45.8 53 42.7 62 48.8
Missing 21 8.4 8 6.5 13 10.2
Total Exercise 
Intervention 
(n=124)
Health & 
Wellness 
Intervention
(n=127)
50 
Table 1.3, continued. Distribution of covariates by study group: B.A.B.Y. Study
n % n % n % p-value
1
Alcohol use during pregnancy
Yes 5 2.0 5 4.0 0 0 0.060
No 222 88.5 109 87.9 113 89.0
Missing 24 9.6 10 8.1 14 11.0
*Pearon's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Total Exercise 
Intervention 
(n=124)
Health & 
Wellness 
Intervention
(n=127)
51 
n % n % n % p-value
2
n % n % p-value
2
Demographic characteristics
Age (years)
18-19 27 10.8 2 6.5 25 11.4 0.055 3 7.3 24 11.4 0.010
20-24 96 38.3 9 29.0 87 39.6 10 24.4 86 41.0
25-29 61 24.3 5 16.1 56 25.5 8 19.5 53 25.2
30-40 67 26.7 15 48.4 52 23.6 20 48.8 47 22.4
Ethnicity
Hispanic 151 60.2 14 45.2 137 62.3 0.069 17 41.5 134 63.8 0.008
Non-Hispanic 100 39.8 17 54.8 83 37.7 24 58.5 76 36.2
Education
Less than high school 57 22.7 5 16.1 52 23.6 0.598 6 14.6 51 24.3 0.201
High school graduate or GED 74 29.5 10 32.3 64 29.1 11 26.8 63 30.0
Post high school 99 39.4 14 45.2 85 38.6 21 51.2 78 37.1
Missing 21 8.4 2 6.5 19 8.6 3 7.3 18 8.6
Household income
<$15,000 99 39.4 10 32.3 89 40.5 0.056 13 31.7 86 41.0 0.028
$15,000-<$30,000 36 14.3 2 6.5 34 15.5 2 4.9 34 16.2
≥$30,000 50 19.9 11 35.5 39 17.7 13 31.7 37 17.6
Don't know/refused 46 18.3 6 19.4 40 18.2 11 26.8 35 16.7
Missing 20 8.0 2 6.5 18 8.2 2 4.9 18 8.6
Marital status
Single/separated/divorced/widowed 187 74.5 18 58.1 169 76.8 0.017 25 61.0 162 77.1 0.019
Married 61 24.3 13 41.9 48 21.8 16 39.0 45 21.4
Refused 1 0.4 0 0 1 0.5 0 0 1 0.5
Missing 2 0.8 0 0 2 0.9 0 0 2 1.0
Table 1.4. Distribution of covariates according to diagnosis of GDM and IGT
1
: B.A.B.Y. Study
Total GDM
(n=31)
IGT
(n=41)
No GDM
(n=220)
No IGT
(n=210)
52 
n % n % n % p-value
2
n % n % p-value
2
Live with Partner
Yes 145 57.8 18 58.1 127 57.7 0.933 24 58.5 121 57.6 0.861
No 86 34.3 11 35.5 75 34.1 15 36.6 71 33.8
Missing 20 8.0 2 6.5 18 8.2 2 4.9 18 8.6
Adults in household
1 58 23.1 9 29.0 49 22.3 0.291 11 26.8 47 22.4 0.291
2 121 48.2 17 54.8 104 47.3 23 56.1 98 46.7
≥3 59 23.5 4 12.9 55 25.0 6 14.6 53 25.2
Missing 13 5.2 1 3.2 12 5.5 1 2.4 12 5.7
Children in household
0 58 23.1 6 19.4 52 23.6 0.852 9 22.0 49 23.3 0.980
1 93 37.1 11 35.5 82 37.3 16 39.0 77 36.7
2 61 24.3 7 22.6 54 24.6 9 22.0 52 24.8
≥3 30 12.0 5 16.1 25 11.4 5 12.2 25 11.9
Missing 9 3.6 2 6.5 7 3.2 2 4.9 7 3.3
Health status and risk factors
Parity
Nulliparous 65 25.9 6 19.4 59 26.8 0.306 8 19.5 57 27.1 0.238
Parous 176 70.1 25 80.7 151 68.6 33 80.5 143 68.1
Missing 10 4.0 0 0 10 4.6 0 0 10 4.8
Pre-pregnancy BMI
<25 kg/m
2
8 3.2 1 3.2 7 3.2 0.765 1 2.4 7 3.3 1.000
25-<30 kg/m
2
87 34.7 9 29.0 78 35.5 14 34.2 73 34.8
30-<40 kg/m
2
156 62.2 21 67.7 135 61.4 26 63.4 130 61.9
Table 1.4, continued. Distribution of covariates according to diagnosis of GDM and IGT
1
: B.A.B.Y. Study
Total GDM
(n=31)
No GDM
(n=220)
IGT
(n=41)
No IGT
(n=210)
53 
n % n % n % p-value
2
n % n % p-value
2
Personal history of GDM
Yes 24 9.6 9 29.0 15 6.8 <0.001 10 24.4 14 6.7 0.001
No 209 83.3 21 67.7 188 85.5 30 73.2 179 85.2
Missing 18 7.2 1 3.2 17 7.7 1 2.4 17 8.1
Family history of diabetes mellitus
Yes 235 93.6 27 87.1 208 94.6 0.314 36 87.8 199 94.8 0.067
No 3 1.2 1 3.2 2 0.9 2 4.9 1 0.5
Missing 13 5.2 3 9.7 10 4.6 3 7.3 10 4.8
Smoking pre-pregnancy
>10 cigarettes/day 17 6.8 2 6.5 15 6.8 0.398 2 4.9 15 7.1 0.234
≤10 cigarettes/day 64 25.5 5 16.1 59 26.8 7 17.1 57 27.1
No 149 59.4 22 71.0 127 57.7 30 73.2 119 56.7
Missing 21 8.4 2 6.5 19 8.6 2 4.9 19 9.1
Smoking during pregnancy
>10 cigarettes/day 2 0.8 0 0 2 0.9 0.829 0 0 2 1.0 0.737
≤10 cigarettes/day 31 12.4 3 9.7 28 12.7 4 9.8 27 12.9
No 191 76.1 26 83.9 165 75.0 35 85.4 156 74.3
Missing 27 10.8 2 6.5 25 11.4 2 4.9 25 11.9
Alcohol use pre-pregnancy
Yes 115 45.8 11 35.5 104 47.3 0.164 14 34.2 101 48.1 0.053
No 115 45.8 18 58.1 97 44.1 25 61.0 90 42.9
Missing 21 8.4 2 6.5 19 8.6 2 4.9 19 9.1
Table 1.4, continued. Distribution of covariates according to diagnosis of GDM and IGT
1
: B.A.B.Y. Study
GDM
(n=31)
No GDM
(n=220)
Total IGT
(n=41)
No IGT
(n=210)
54 
n % n % n % p-value
2
n % n % p-value
2
Alcohol use during pregnancy
Yes 5 2.0 0 0 5 2.3 1.000 0 0 5 2.4 0.591
No 222 88.5 29 93.6 193 87.7 39 95.1 183 87.1
Missing 24 9.6 2 6.5 22 10.0 2 4.9 22 10.5
2
Pearson's chi-square or Fisher's exact test (if cell sizes less than 5)
1
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
Table 1.4, continued. Distribution of covariates according to diagnosis of GDM and IGT
1
: B.A.B.Y. Study
Total GDM
(n=31)
No GDM
(n=220)
IGT
(n=41)
No IGT
(n=210)
55 
n % n % n % p-value
2
Demographic characteristics
Age (years)
18-19 27 10.8 7 8.9 20 11.6 0.306
20-24 96 38.3 25 31.7 71 41.3
25-29 61 24.3 21 26.6 40 23.3
30-40 67 26.7 26 32.9 41 23.8
Ethnicity
Hispanic 151 60.2 43 54.4 108 62.8 0.209
Non-Hispanic 100 39.8 36 25.6 64 37.2
Education
Less than high school 57 22.7 16 20.3 41 23.8 0.783
High school graduate or GED 74 29.5 25 31.7 49 28.5
Post high school 99 39.4 31 39.2 68 39.5
Missing 21 8.4 7 8.9 14 8.1
Household income
<$15,000 99 39.4 28 35.4 71 41.3 0.586
$15,000-<$30,000 36 14.3 10 12.7 26 15.1
≥$30,000 50 19.9 18 22.8 32 18.6
Don't know/refused 46 18.3 17 21.5 29 16.9
Missing 20 8.0 6 7.6 14 8.1
Marital status
Single/separated/divorced/widowed 187 74.5 56 70.9 131 76.2 0.259
Married 61 24.3 23 29.1 38 22.1
Refused 1 0.4 0 0 1 0.6
Missing 2 0.8 0 0 2 1.2
Live with Partner
Yes 145 57.8 46 58.2 14 8.1 0.959
No 86 34.3 27 34.2 59 34.3
Missing 20 8.0 6 7.6 14 8.1
Adults in household
1 58 23.1 20 25.3 38 22.1 0.646
2 121 48.2 40 50.6 81 47.1
≥3 59 23.5 16 20.3 43 25.0
Missing 13 5.2 3 3.8 10 5.8
Children in household
0 58 23.1 20 25.3 38 22.1 0.890
1 93 37.1 28 35.4 65 37.8
2 61 24.3 19 24.1 42 24.4
≥3 30 12.0 8 10.1 22 12.8
Missing 9 3.6 4 5.1 5 2.9
Total No AGT
(n=172)
Table 1.5. Distribution of covariates according to diagnosis of AGT
1
: B.A.B.Y. 
AGT
(n=79)
56 
n % n % n % p-value
2
Health status and risk factors
Parity
Nulliparous 65 25.9 21 26.6 44 25.6 0.875
Parous 176 70.1 55 69.6 121 70.4
Missing 10 4.0 3 3.8 7 4.1
Pre-pregnancy BMI
<25 kg/m
2
8 3.2 2 2.5 6 3.5 0.250
25-<30 kg/m
2
87 34.7 22 27.9 65 37.8
30-<40 kg/m
2
156 62.2 55 69.6 101 58.7
Personal history of GDM
Yes 24 9.6 11 13.9 145 84.3 0.131
No 209 83.3 64 81.0 13 7.6
Missing 18 7.2 4 5.1 14 8.1
Family history of diabetes mellitus
Yes 235 93.6 72 91.1 163 94.8 0.229
No 3 1.2 2 2.5 1 0.6
Missing 13 5.2 5 6.3 8 4.7
Smoking pre-pregnancy
>10 cigarettes/day 17 6.8 4 5.1 13 7.6 0.418
≤10 cigarettes/day 64 25.5 17 21.5 47 27.3
No 149 59.4 52 65.8 97 56.4
Missing 21 8.4 6 7.6 15 8.7
Smoking during pregnancy
>10 cigarettes/day 2 0.8 0 0 2 1.2 1.000
≤10 cigarettes/day 31 12.4 10 12.7 21 12.2
No 191 76.1 61 77.2 130 75.6
Missing 27 10.8 8 10.1 19 11.1
Alcohol use pre-pregnancy
Yes 115 45.8 32 40.5 83 48.3 0.202
No 115 45.8 41 51.9 74 43.0
Missing 21 8.4 6 7.6 15 8.7
Total
Table 1.5, continued. Distribution of covariates according to diagnosis of AGT
1
: 
B.A.B.Y. Study
AGT
(n=79)
No AGT
(n=172)
57 
n % n % n % p-value
2
Alcohol use during pregnancy
Yes 5 2.0 0 0 5 2.9 0.179
No 222 88.5 73 92.4 149 86.6
Missing 24 9.6 6 7.6 18 10.5
2
Pearson's chi-square or Fisher's exact test (if cell sizes less than 5)
1
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two 
or more cut-points and impaired glucose tolerance (IGT) as exceeding one or more 
cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-
hours and 140 mg/dl at 3-hours.  Abnormal glucose tolerance (AGT) was defined as 
exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
Table 1.5, continued. Distribution of covariates according to diagnosis of AGT
1
: 
B.A.B.Y. Study
Total AGT
(n=79)
No AGT
(n=172)
58 
n % Mean SD p-value
1
Demographic characteristics
Age (years)
18-19 27 10.9 108.7 27.0 0.012
20-24 95 38.3 113.7 30.6
25-29 61 24.6 123.2 30.6
30-40 65 26.2 126.2 29.1
Ethnicity
Hispanic 151 60.9 115.4 29.3 0.029
Non-Hispanic 97 39.1 124.0 31.3
Education
Less than high school 57 23.0 112.0 28.9 0.229
High school graduate or GED 73 29.4 119.8 32.6
Post high school 97 39.1 120.3 29.9
Missing 21 8.1 126.6 26.1
Household income
<$15,000 98 39.5 116.8 30.5 0.277
$15,000-<$30,000 36 14.5 117.0 28.2
≥$30,000 48 19.4 124.9 29.6
Don't know/refused 46 18.6 115.2 33.8
Missing 20 8.1 125.4 26.1
Marital status
Single/separated/divorced/widowed 185 74.6 116.5 29.8 0.032
Married 60 24.2 126.2 31.6
Refused 1 0.4 114.0 −
Missing 2 0.8 104.5 4.9
Live with Partner
Yes 142 57.3 118.9 30.4 0.639
No 86 34.7 117.0 31.2
Missing 20 8.1 125.4 26.1
Adults in household
1 58 23.4 120.7 34.0 0.311
2 119 48.0 120.2 30.2
≥3 58 23.4 113.2 28.5
Missing 13 5.2 121.8 20.8
Total
Table 1.6. Distribution of covariates according to screening glucose value: B.A.B.Y. 
Study (n=248)
Mean glucose value 
(mg/dL)
(n=248)
59 
n % Mean SD p-value
1
Children in household
0 57 23.0 119.9 30.6 0.963
1 92 37.1 117.8 30.3
2 61 24.6 117.0 31.7
≥3 29 11.7 118.1 28.3
Missing 9 3.6 135.3 26.8
Health status and risk factors
Parity
Nulliparous 64 25.8 117.6 29.0 0.696
Parous 174 70.2 119.4 31.1
Missing 10 4.0 115.6 27.2
Pre-pregnancy BMI
<25 kg/m
2
8 3.2 119.3 31.4 0.371
25-<30 kg/m
2
85 34.3 115.0 30.3
30-<40 kg/m
2
155 62.5 120.8 30.3
Personal history of GDM
Yes 24 9.7 135.0 31.4 0.009
No 206 83.1 118.1 29.3
Missing 18 7.3 105.3 32.9
Family history of diabetes mellitus
Yes 232 93.6 117.9 29.6 0.104
No 3 1.2 146.0 41.1
Missing 13 5.2 128.7 38.8
Smoking pre-pregnancy
>10 cigarettes/day 17 6.9 110.4 28.7 0.253
≤10 cigarettes/day 64 25.8 115.2 30.9
No 146 58.9 120.8 30.4
Missing 21 8.5 122.4 28.7
Smoking during pregnancy
>10 cigarettes/day 2 0.8 105.5 29.0 0.798
≤10 cigarettes/day 31 12.5 116.7 27.9
No 188 75.8 118.7 31.3
Missing 27 10.9 122.7 26.6
Alcohol use pre-pregnancy
Yes 112 45.2 116.2 28.0 0.271
No 115 46.4 120.6 32.7
Missing 21 8.5 122.4 28.7
Table 1.6, continued. Distribution of covariates according to screening glucose 
value: B.A.B.Y. Study (n=248)
Total Mean glucose value 
(mg/dL)
(n=248)
60 
n % Mean SD p-value
1
Alcohol use during pregnancy
Yes 5 2.0 90.0 14.4 0.035
No 219 88.3 119.2 30.6
Missing 24 9.7 120.7 28.3
1
Student's t-test (dichotomous) or ANOVA (3+ categories).  Excudes missing values or 
"don’t know"/"refused"
Table 1.6, continued. Distribution of covariates according to screening glucose 
value: B.A.B.Y. Study (n=248)
Total Mean glucose value 
(mg/dL)
(n=248)
61 
p-value p-value
Measures of glucose intolerance
2
OR 95% CI RR 95% CI
Gestational diabetes mellitus 0.61 (0.28, 1.32) 0.207 0.65 (0.33, 1.28) 0.209
Impaired glucose tolerance 0.68 (0.35, 1.34) 0.268 0.73 (0.41, 1.28) 0.270
Abnormal glucose tolerance 0.86 (0.51, 1.47) 0.582 0.90 (0.63, 1.30) 0.582
β SE p-value β SE p-value
Screening glucose level -1.95 3.86 0.614 -1.95 3.86 0.614
Unadjusted Analysis, Log-
binomial
1
Table 1.7. Gestational diabetes mellitus, impaired glucose tolerance, abnormal glucose tolerance and screening glucose value 
by study group: intent-to-treat analysis, BABY Study (n=251)
1
Logistic regression was used to calculate odds ratios for bivariate outcomes and linear regression to calculate mean differences for 
continuous outcomes.
2
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
Unadjusted Analysis, Logistic
1
62 
p-value p-value
Measures of glucose intolerance
3
OR 95% CI OR 95% CI
Gestational diabetes mellitus 0.61 (0.28, 1.32) 0.207 0.66 (0.29, 1.49) 0.312
Impaired glucose tolerance 0.68 (0.35, 1.34) 0.268 0.71 (0.34, 1.48) 0.365
Abnormal glucose tolerance 0.86 (0.51, 1.47) 0.582 0.82 (0.46, 1.48) 0.513
β SE p-value β SE p-value
Screening glucose level -1.95 3.86 0.614 -3.59 4.31 0.406
Table 1.8. Gestational diabetes mellitus, impaired glucose tolerance, abnormal glucose tolerance and screening glucose 
value by study group: intent-to-treat analysis, adjusted for significant covariates
1
; BABY Study (n=220)
Unadjusted Analysis, Logistic
1
Adjusted Analysis, Logistic
2
3
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
1
Adjusted for education (dummy variable: <high school vs. > high school and high school vs. >high school) and parity (parous vs. 
nulliparous)
2
Multivariable logistic regression was used to calculate odds ratios for bivariate outcomes and multivariable linear regression to 
calculate mean differences for continuous outcomes.
63 
n % n % n % p-value
1
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 26 11.5 9 16.4 17 9.9 0.249 20 12.0 7 17.1 13 10.4 0.050
20-24 85 37.4 23 41.8 62 36.1 65 39.2 13 31.7 52 41.6
25-29 54 23.8 13 23.6 41 23.8 36 21.7 14 34.2 22 17.6
30-40 62 27.3 10 18.2 52 30.2 45 27.1 7 17.1 38 30.4
Ethnicity
Hispanic 131 57.7 33 60.0 98 57.0 0.693 99 59.6 23 56.1 76 60.8 0.594
Non-Hispanic 96 42.3 22 40.0 74 43.0 67 40.4 18 43.9 49 39.2
Education
Less than high school 55 24.2 15 27.3 40 23.3 0.430 36 21.7 7 17.1 29 23.2 0.757
High school graduate or GED 73 32.2 14 25.5 59 34.3 54 32.5 12 29.3 42 33.6
Post high school 96 42.3 26 47.3 70 40.7 66 39.8 17 41.5 49 39.2
Missing 3 1.3 0 0 3 1.7 10 6.0 5 12.2 5 4.0
Household income
<$15,000 96 42.3 24 43.6 72 41.9 0.856 65 39.2 16 39.0 49 39.2 0.394
$15,000-<$30,000 34 15.0 7 12.7 27 15.7 21 12.7 3 7.3 18 14.4
≥$30,000 49 21.6 11 20.0 38 22.1 36 21.7 5 12.2 31 24.8
Don't know/refused 46 20.3 13 23.6 33 19.2 35 21.1 13 31.7 22 17.6
Missing 2 0.9 0 0 2 1.2 9 5.4 4 9.8 5 4.0
Table 1.9. Distribution of covariates according to quartile of baseline and post-intervention sports/exercise MET-hrs/wk: 
B.A.B.Y. Study
Quartile 4
(≥11.9)
(n=55)
Quartiles 1-3
(<11.9)
(n=172)
Quartile 4
(≥14.5)
(n=41)
Quartiles 1-3
(<14.5)
(n=125)
Total
Baseline Sports/Exercise Activity 
(MET-hrs/wk, n=227)
Total
Post-Intervention Sports/Exercise Activity (MET-
hrs/wk, n=166)
64 
n % n % n % p-value
1
n % n % n % p-value
1
Marital status
Single/separated/divorced/widowed 168 74.0 43 78.2 125 72.7 0.453 123 74.1 32 78.1 91 72.8 0.363
Married 58 25.6 12 21.8 46 26.7 42 25.3 8 19.5 34 27.2
Refused 1 0.4 0 0 1 0.6 0 0 0 0 0 0
Missing 0 0 0 0 0 0 1 0.6 1 2.4 0 0
Live with Partner
Yes 143 63.0 30 54.6 113 65.7 0.110 102 61.4 24 58.5 78 62.4 0.988
No 82 36.1 25 45.5 57 33.1 55 33.1 13 31.7 42 33.6
Missing 2 0.9 0 0 2 1.2 9 5.4 4 9.8 5 4.0
Adults in household
1 49 21.6 16 29.1 33 19.2 0.310 33 19.9 11 26.8 22 17.6 0.274
2 119 52.4 27 49.1 92 53.5 82 49.4 18 43.9 64 51.2
≥3 57 25.1 12 21.8 45 26.2 44 26.5 8 19.5 36 28.8
Missing 2 0.9 0 0 2 1.2 7 4.2 4 9.8 3 2.4
Children in household
0 52 22.9 13 23.6 39 22.7 0.499 39 23.5 11 26.8 28 22.4 0.600
1 87 38.3 18 32.7 69 40.1 65 39.2 16 39.0 49 39.2
2 57 25.1 18 32.7 39 22.7 44 26.5 8 19.5 36 28.8
≥3 28 12.3 6 10.9 22 12.8 15 9.0 5 12.2 10 8.0
Missing 3 1.3 0 0 3 1.7 3 1.8 1 2.4 2 1.6
Table 1.9, continued. Distribution of covariates according to quartile of baseline and post-intervention sports/exercise MET-
hrs/wk
Baseline Sports/Exercise Activity 
(MET-hrs/wk, n=227)
Post-Intervention Sports/Exercise Activity (MET-
hrs/wk, n=166)
Total Quartile 4
(≥11.9)
(n=55)
Quartiles 1-3
(<11.9)
(n=172)
Total Quartile 4
(≥14.5)
(n=41)
Quartiles 1-3
(<14.5)
(n=125)
65 
n % n % n % p-value
1
n % n % n % p-value
1
Health status and risk factors
Parity
Nulliparous 58 25.6 15 27.3 43 25.0 0.766 47 28.3 12 29.3 35 28.0 0.804
Parous 159 70.0 38 69.1 121 70.4 114 68.7 27 65.9 87 69.6
Missing 10 4.4 2 3.6 8 4.7 5 3.0 2 4.9 3 2.4
Pre-pregnancy BMI
<25 kg/m2 5 2.2 0 0 5 2.9 0.380 3 1.8 0 0 3 2.4 0.936
25-<30 kg/m2 80 35.2 17 30.9 63 36.6 58 34.9 15 36.6 43 34.4
30-<40 kg/m2 142 62.6 38 69.1 104 60.5 105 63.3 26 63.4 79 63.2
Personal history of GDM
Yes 22 9.7 3 5.5 19 11.1 0.297 17 10.2 4 9.8 13 10.4 1.000
No 189 83.3 48 87.3 141 82.0 133 80.1 33 80.5 100 80.0
Missing 16 7.0 4 7.3 12 7.0 16 9.6 4 9.8 12 9.6
Family history of diabetes mellitus
Yes 212 93.4 51 92.7 161 93.6 1.000 156 94.0 37 90.2 119 95.2 0.424
No 3 1.3 0 0 3 1.7 2 1.2 1 2.4 1 0.8
Missing 12 5.3 4 7.3 8 4.7 8 4.8 3 7.3 5 4.0
Table 1.9, continued. Distribution of covariates according to quartile of baseline and post-intervention sports/exercise MET-
hrs/wk
Baseline Sports/Exercise Activity 
(MET-hrs/wk, n=227)
Post-Intervention Sports/Exercise Activity (MET-
hrs/wk, n=166)
Total Quartile 4
(≥11.9)
(n=55)
Quartiles 1-3
(<11.9)
(n=172)
Total Quartile 4
(≥14.5)
(n=41)
Quartiles 1-3
(<14.5)
(n=125)
66 
n % n % n % p-value
1
n % n % n % p-value
1
Smoking pre-pregnancy
>10 cigarettes/day 17 7.5 1 1.8 16 9.3 0.120 11 6.6 3 7.3 8 6.4 0.778
≤10 cigarettes/day 61 26.9 18 32.7 43 25.0 43 25.9 11 26.8 32 25.6
No 146 64.3 36 65.5 110 64.0 102 61.4 22 53.7 80 64.0
Missing 3 1.3 0 0 3 1.7 10 6.0 5 12.2 5 4.0
Smoking during pregnancy
>10 cigarettes/day 2 0.9 0 0 2 1.2 0.803 1 0.6 0 0.0 1 0.8 1.000
≤10 cigarettes/day 30 13.2 6 10.9 24 14.0 18 10.8 4 9.8 14 11.2
No 186 81.9 48 87.3 138 80.2 134 80.7 31 75.6 103 82.4
Missing 9 4.0 1 1.8 8 4.7 13 7.8 6 14.6 7 5.6
Alcohol use pre-pregnancy
Yes 113 49.8 29 52.7 84 48.8 0.633 76 45.8 18 43.9 58 46.4 0.885
No 111 48.9 26 47.3 85 49.4 80 48.2 18 43.9 62 49.6
Missing 3 1.3 0 0 3 1.7 10 6.0 5 12.2 5 4.0
Alcohol use during pregnancy
Yes 5 2.2 1 1.8 4 2.3 1.000 4 2.4 2 4.9 2 1.6 0.228
No 217 95.6 54 98.2 163 94.8 152 91.6 34 82.9 118 94.4
Missing 5 2.2 0 0.0 5 2.9 10 6.0 5 12.2 5 4.0
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes missing values and "don't know"/"refused".
Table 1.9, continued. Distribution of covariates according to quartile of baseline and post-intervention sports/exercise MET-
hrs/wk
Baseline Sports/Exercise Activity 
(MET-hrs/wk, n=227)
Post-Intervention Sports/Exercise Activity (MET-
hrs/wk, n=166)
Total Quartile 4
(≥11.9)
(n=55)
Quartiles 1-3
(<11.9)
(n=172)
Total Quartile 4
(≥14.5)
(n=41)
Quartiles 1-3
(<14.5)
(n=125)
67 
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 19 12.3 11 11.2 8 14.3 0.505
20-24 60 39.0 41 41.8 19 33.9
25-29 32 20.8 22 22.5 10 17.9
30-40 43 27.9 24 24.5 19 33.9
Ethnicity
Hispanic 88 57.1 56 57.1 32 57.1 1.000
Non-Hispanic 66 42.9 42 42.9 24 42.9
Education
Less than high school 35 22.7 22 22.5 13 23.2 0.878
High school graduate or GED 53 34.4 35 35.7 18 32.1
Post high school 65 42.2 40 40.8 25 44.6
Missing 1 0.6 1 1.0 0 0
Household income
<$15,000 64 41.6 41 41.8 23 41.1 0.300
$15,000-<$30,000 20 13.0 15 15.3 5 8.9
≥$30,000 35 22.7 19 19.4 16 28.6
Don't know/refused 35 22.7 23 23.5 12 21.4
Missing 0 0 0 0 0 0
Marital status
Single/separated/divorced/widowed 114 74.0 76 77.6 38 67.9 0.187
Married 40 26.0 22 22.5 18 32.1
Refused 0 0 0 0 0 0
Missing 0 0 0 0 0 0
Live with Partner
Yes 101 65.6 67 68.4 34 60.7 0.336
No 53 34.4 31 31.6 22 39.3
Missing 0 0 0 0 0 0
Adults in household
1 31 20.1 18 18.4 13 23.2 0.717
2 80 51.9 53 54.1 27 48.2
≥3 43 27.9 27 27.6 16 28.6
Missing 0 0 0 0 0 0
Maintain/
Increase
(n=98)
Decrease
(n=56)
Table 1.10. Distribution of covariates according to change in sports/exercise MET-
hrs/wk: B.A.B.Y. Study
Total
Change in Sports/Exercise Activity (n=154)
68 
n % n % n % p-value
1
Live with Partner
Yes 101 65.6 67 68.4 34 60.7 0.336
No 53 34.4 31 31.6 22 39.3
Missing 0 0 0 0 0 0
Adults in household
1 31 20.1 18 18.4 13 23.2 0.717
2 80 51.9 53 54.1 27 48.2
≥3 43 27.9 27 27.6 16 28.6
Missing 0 0 0 0 0 0
Children in household
0 36 23.4 25 25.5 11 19.6 0.671
1 63 40.9 37 37.8 26 46.4
2 41 26.6 26 26.5 15 26.8
≥3 14 9.1 10 10.2 4 7.1
Missing 0 0 0 0 0 0
Health status and risk factors
Parity
Nulliparous 43 27.9 29 29.6 14 25.0 0.483
Parous 106 68.8 65 66.3 41 73.2
Missing 5 3.2 4 4.1 1 1.8
Pre-pregnancy BMI
<25 kg/m2 4 2.6 2 2.0 2 3.6 0.848
25-<30 kg/m2 54 35.1 35 35.7 19 33.9
30-<40 kg/m2 96 62.3 61 62.2 35 62.5
Personal history of GDM
Yes 16 10.4 10 10.2 6 10.7 0.841
No 123 79.9 80 81.6 43 76.8
Missing 15 9.7 8 8.2 7 12.5
Family history of diabetes mellitus
Yes 144 93.5 91 92.9 53 94.6 1.000
No 2 1.3 1 1.0 1 1.8
Missing 8 5.2 6 6.1 2 3.6
Table 1.10, continued. Distribution of covariates according to change in 
sports/exercise MET-hrs/wk: B.A.B.Y. Study
Change in Sports/Exercise Activity (n=154)
Total Maintain/
Increase
(n=98)
Decrease
(n=56)
69 
n % n % n % p-value
1
Smoking pre-pregnancy
>10 cigarettes/day 11 7.1 8 8.2 3 5.4 0.849
≤10 cigarettes/day 42 27.3 27 27.6 15 26.8
No 100 64.9 62 63.3 38 67.9
Missing 1 0.6 1 1.0 0 0
Smoking during pregnancy
>10 cigarettes/day 1 0.6 0 0 1 1.8 0.359
≤10 cigarettes/day 19 12.3 11 11.2 8 14.3
No 130 84.4 83 84.7 47 83.9
Missing 4 2.6 4 4.1 0 0
Alcohol use pre-pregnancy
Yes 76 49.4 29 51.8 47 48.0 0.691
No 77 50.0 27 48.2 50 51.0
Missing 1 0.6 0 0 1 1.0
Alcohol use during pregnancy
Yes 4 2.6 3 3.1 1 1.8 1.000
No 149 96.8 94 95.9 55 98.2
Missing 1 0.6 1 1.0 0 0
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 1.10, continued. Distribution of covariates according to change in 
sports/exercise MET-hrs/wk: B.A.B.Y. Study
Change in Sports/Exercise Activity (n=154)
Total Maintain/
Increase
(n=98)
Decrease
(n=56)
70 
n % n % n % p-value
1
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 26 11.6 7 12.5 19 11.3 0.736 20 12.0 7 16.7 13 10.5 0.044
20-24 85 37.9 23 41.1 62 36.9 65 39.2 15 35.7 50 40.3
25-29 52 23.2 14 25.0 38 22.6 36 21.7 14 33.3 22 17.7
30-40 61 27.2 12 21.4 49 29.2 45 27.1 6 14.3 39 31.5
Ethnicity
Hispanic 129 57.6 36 64.3 93 55.4 0.242 99 59.6 22 52.4 77 62.1 0.267
Non-Hispanic 95 42.4 20 35.7 75 44.6 67 40.4 20 47.6 47 37.9
Education
Less than high school 55 24.6 11 19.6 44 26.2 0.229 36 21.7 7 16.7 29 23.4 0.461
High school graduate or GED 72 32.1 23 41.1 49 29.2 54 32.5 13 31.0 41 33.1
Post high school 94 42.0 21 37.5 73 43.5 66 39.8 20 47.6 46 37.1
Missing 3 1.3 1 1.8 2 1.2 10 6.0 2 4.8 8 6.5
Household income
<$15,000 94 42.0 25 44.6 69 41.1 0.524 65 39.2 16 38.1 49 39.5 0.835
$15,000-<$30,000 34 15.2 9 16.1 25 14.9 21 12.7 4 9.5 17 13.7
≥$30,000 49 21.9 9 16.1 40 23.8 36 21.7 7 16.7 29 23.4
Don't know/refused 45 20.1 12 21.4 33 19.6 35 21.1 13 13.0 22 17.7
Missing 2 0.9 1 1.8 1 0.6 9 5.4 2 4.8 7 5.7
Quartile 4
(≥124.5)
(n=56)
Quartiles 1-3
(<124.5)
(n=168)
Table 1.11. Distribution of covariates according to quartile of baseline and post-intervention moderate/vigorous MET-hrs/wk
Quartile 4
(≥105.4)
(n=42)
Quartiles 1-3
(<105.4)
(n=124)
Total
Baseline Moderate/Vigorous Activity
(MET-hrs/wk, n=224)
Total
Post-Intervention Moderate/Vigorous Activity
(MET-hrs/wk, n=166)
71 
n % n % n % p-value
1
n % n % n % p-value
1
Marital status
Single/separated/divorced/widowed 165 73.7 44 78.6 121 72.0 0.367 123 74.1 31 73.8 92 74.2 0.857
Married 58 25.9 12 21.4 46 27.4 42 25.3 10 23.8 32 25.8
Refused 1 0.4 0 0 1 0.6 0 0 0 0 0 0
Missing 0 0 0 0 0 0 1 0.6 1 2.4 0 0
Live with Partner
Yes 141 62.9 33 58.9 108 64.3 0.533 102 61.4 26 61.9 76 61.3 0.996
No 81 36.2 22 39.3 59 35.1 55 33.1 14 33.3 41 33.1
Missing 2 0.9 1 1.8 1 0.6 9 5.4 2 4.8 7 5.7
Adults in household
1 49 21.9 16 28.6 33 19.6 0.399 33 19.9 10 23.8 23 18.6 0.520
2 117 52.2 27 48.2 90 53.6 82 49.4 18 42.9 64 51.6
≥3 56 25.0 13 23.2 43 25.6 44 26.5 13 31.0 31 25.0
Missing 2 0.9 0 0 2 1.2 7 4.2 1 2.4 6 4.8
Children in household
0 51 22.8 8 14.3 43 25.6 0.284 39 23.5 10 23.8 29 23.4 0.953
1 87 38.8 23 41.1 64 38.1 65 39.2 15 35.7 50 40.3
2 57 25.4 15 26.8 42 25.0 44 26.5 12 28.6 32 25.8
≥3 26 11.6 9 16.1 17 10.1 15 9.0 4 9.5 11 8.9
Missing 3 1.3 1 1.8 2 1.2 3 1.8 1 2.4 2 1.6
Table 1.11, continued. Distribution of covariates according to quartile of baseline and post-intervention moderate/vigorous 
MET-hrs/wk
Baseline Moderate/Vigorous Activity
(MET-hrs/wk, n=224)
Post-Intervention Moderate/Vigorous Activity
(MET-hrs/wk, n=166)
Total Quartile 4
(≥124.5)
(n=56)
Quartiles 1-3
(<124.5)
(n=168)
Total Quartile 4
(≥105.4)
(n=42)
Quartiles 1-3
(<105.4)
(n=124)
72 
n % n % n % p-value
1
n % n % n % p-value
1
Health status and risk factors
Parity
Nulliparous 56 25.0 9 16.1 47 28.0 0.079 47 28.3 11 26.2 36 29.0 0.786
Parous 158 70.5 44 78.6 114 67.9 114 68.7 29 69.1 85 68.6
Missing 10 4.5 3 5.4 7 4.2 5 3.0 2 4.8 3 2.4
Pre-pregnancy BMI
<25 kg/m2 5 2.2 1 1.8 4 2.4 0.066 3 1.8 0 0 3 2.4 0.874
25-<30 kg/m2 79 35.3 13 23.2 66 39.3 58 34.9 15 35.7 43 34.7
30-<40 kg/m2 140 62.5 42 75.0 98 58.3 105 63.3 27 64.3 78 62.9
Personal history of GDM
Yes 21 9.4 5 8.9 16 9.5 0.853 17 10.2 4 9.5 13 10.5 1.000
No 187 83.5 48 85.7 139 82.7 133 80.1 33 78.6 100 80.7
Missing 16 7.1 3 5.4 13 7.7 16 9.6 5 11.9 11 8.9
Family history of diabetes mellitus
Yes 210 93.8 52 92.9 158 94.1 1.000 156 94.0 39 92.9 117 94.4 1.000
No 3 1.3 1 1.8 2 1.2 2 1.2 0 0 2 1.6
Missing 11 4.9 3 5.4 8 4.8 8 4.8 3 7.1 5 4.0
Table 1.11, continued. Distribution of covariates according to quartile of baseline and post-intervention moderate/vigorous 
MET-hrs/wk
Baseline Moderate/Vigorous Activity
(MET-hrs/wk, n=224)
Post-Intervention Moderate/Vigorous Activity
(MET-hrs/wk, n=166)
Total Quartile 4
(≥124.5)
(n=56)
Quartiles 1-3
(<124.5)
(n=168)
Total Quartile 4
(≥105.4)
(n=42)
Quartiles 1-3
(<105.4)
(n=124)
73 
n % n % n % p-value
1
n % n % n % p-value
1
Smoking pre-pregnancy
>10 cigarettes/day 17 7.6 3 5.4 14 8.3 0.853 11 6.6 0 0 11 8.9 0.138
≤10 cigarettes/day 61 27.2 15 26.8 46 27.4 43 25.9 11 26.2 32 25.8
No 143 63.8 37 66.1 106 63.1 102 61.4 28 66.7 74 59.7
Missing 3 1.3 1 1.8 2 1.2 10 6.0 3 7.1 7 5.7
Smoking during pregnancy
>10 cigarettes/day 2 0.9 0 0 2 1.2 0.803 1 0.6 0 0 1 0.8 0.672
≤10 cigarettes/day 30 13.4 6 10.7 24 14.3 18 10.8 3 7.1 15 12.1
No 185 82.6 48 85.7 137 81.6 134 80.7 35 83.3 99 79.8
Missing 7 3.1 2 3.6 5 3.0 13 7.8 4 9.5 9 7.3
Alcohol use pre-pregnancy
Yes 111 49.6 30 53.6 81 48.2 0.460 76 45.8 20 47.6 56 45.2 0.711
No 110 49.1 25 44.6 85 50.6 80 48.2 19 45.2 61 49.2
Missing 3 1.3 1 1.8 2 1.2 10 6.0 3 7.1 7 5.7
Alcohol use during pregnancy
Yes 5 2.2 2 3.6 3 1.8 0.602 4 2.4 1 2.4 3 2.4 1.000
No 214 95.5 53 94.6 161 95.8 152 91.6 38 90.5 114 91.9
Missing 5 2.2 1 1.8 4 2.4 10 6.0 3 7.1 7 5.7
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes missing values and "don't know"/"refused".
Table 1.11, continued. Distribution of covariates according to quartile of baseline and post-intervention moderate/vigorous 
MET-hrs/wk
Baseline Moderate/Vigorous Activity
(MET-hrs/wk, n=224)
Post-Intervention Moderate/Vigorous Activity
(MET-hrs/wk, n=166)
Total Quartile 4
(≥124.5)
(n=56)
Quartiles 1-3
(<124.5)
(n=168)
Total Quartile 4
(≥105.4)
(n=42)
Quartiles 1-3
(<105.4)
(n=124)
74 
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 19 12.4 9 14.3 10 11.1 0.442
20-24 60 39.2 21 33.3 39 43.3
25-29 31 20.3 16 25.4 15 16.7
30-40 43 28.1 17 27.0 26 28.9
Ethnicity
Hispanic 88 57.5 35 55.6 53 58.9 0.681
Non-Hispanic 65 42.5 28 44.4 37 41.1
Education
Less than high school 35 22.9 16 25.4 19 21.1 0.723
High school graduate or GED 53 34.6 22 34.9 31 34.4
Post high school 64 41.8 24 38.1 40 44.4
Missing 1 0.7 1 1.6 0 0
Household income
<$15,000 63 41.2 26 41.3 37 41.1 0.364
$15,000-<$30,000 20 13.1 9 14.3 11 12.2
≥$30,000 35 22.9 10 15.9 25 27.8
Don't know/refused 35 22.9 18 28.6 17 18.9
Missing 0 0 0 0 0 0
Marital status
Single/separated/divorced/widowed 113 73.9 51 81.0 62 68.9 0.095
Married 40 26.1 12 19.1 28 31.1
Refused 0 0 0 0 0 0
Missing 0 0 0 0 0 0
Live with Partner
Yes 100 65.4 41 65.1 59 65.6 0.951
No 53 34.6 22 34.9 31 34.4
Missing 0 0 0 0 0 0
Adults in household
1 31 20.3 15 23.8 16 17.8 0.604
2 79 51.6 30 47.6 49 54.4
≥3 43 28.1 18 28.6 25 27.8
Missing 0 0 0 0 0 0
Maintain/
Increase
(n=63)
Decrease
(n=90)
Table 1.12. Distribution of covariates according to change in moderate/vigorous 
MET-hrs/wk: B.A.B.Y. Study
Total
Change in Moderate/Vigorous Activity (n=153)
75 
n % n % n % p-value
1
Live with Partner
Yes 100 65.4 41 65.1 59 65.6 0.951
No 53 34.6 22 34.9 31 34.4
Missing 0 0 0 0 0 0
Adults in household
1 31 20.3 15 23.8 16 17.8 0.604
2 79 51.6 30 47.6 49 54.4
≥3 43 28.1 18 28.6 25 27.8
Missing 0 0 0 0 0 0
Children in household
0 36 23.5 17 27.0 19 21.1 0.801
1 63 41.2 24 38.1 39 43.3
2 41 26.8 16 25.4 25 27.8
≥3 13 8.5 6 9.5 7 7.8
Missing 0 0 0 0 0 0
Health status and risk factors
Parity
Nulliparous 43 28.1 19 30.2 24 26.7 0.563
Parous 105 68.6 41 65.1 64 71.1
Missing 5 3.3 3 4.8 2 2.2
Pre-pregnancy BMI
<25 kg/m2 4 2.6 2 3.2 2 2.2 0.378
25-<30 kg/m2 54 35.3 26 41.3 28 31.1
30-<40 kg/m2 95 62.1 35 55.6 60 66.7
Personal history of GDM
Yes 15 9.8 7 11.1 8 8.9 0.611
No 123 80.4 49 77.8 74 82.2
Missing 15 9.8 7 11.1 8 8.9
Family history of diabetes mellitus
Yes 144 94.1 58 92.1 86 95.6 1.000
No 2 1.3 1 1.6 1 1.1
Missing 7 4.6 4 6.4 3 3.3
Smoking pre-pregnancy
>10 cigarettes/day 11 7.2 4 6.4 7 7.8 1.000
≤10 cigarettes/day 42 27.5 17 27.0 25 27.8
No 99 64.7 41 65.1 58 64.4
Missing 1 0.7 1 1.6 0 0
Table 1.12, continued. Distribution of covariates according to change in 
moderate/vigorous MET-hrs/wk: B.A.B.Y. Study
Change in Moderate/Vigorous Activity (n=153)
Total Maintain/
Increase
(n=63)
Decrease
(n=90)
76 
n % n % n % p-value
1
Smoking during pregnancy
>10 cigarettes/day 1 0.7 0 0 1 1.1 1.000
≤10 cigarettes/day 19 12.4 8 12.7 11 12.2
No 130 85.0 52 82.5 78 86.7
Missing 3 2.0 3 4.8 0 0
Alcohol use pre-pregnancy
Yes 75 49.0 28 44.4 47 52.2 0.392
No 77 50.3 34 54.0 43 47.8
Missing 1 0.7 1 1.6 0 0
Alcohol use during pregnancy
Yes 4 2.6 2 3.2 2 2.2 1.000
No 148 96.7 60 95.2 88 97.8
Missing 1 0.7 1 1.6 0 0
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 1.12, continued. Distribution of covariates according to change in 
moderate/vigorous MET-hrs/wk: B.A.B.Y. Study
Change in Moderate/Vigorous Activity (n=153)
Total Maintain/
Increase
(n=63)
Decrease
(n=90)
77 
Measures of glucose intolerance
1
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
Gestational diabetes mellitus 1.29 (0.54, 3.13) 0.568 1.40 (0.53, 3.69) 0.493 2.14 (0.74, 6.16) 0.158
Impaired glucose tolerance 1.57 (0.73, 3.36) 0.249 1.32 (0.55, 3.15) 0.536 1.42 (0.60, 3.37) 0.421
Abnormal glucose tolerance 1.86 (0.99, 3.49) 0.055 1.61 (0.76, 3.40) 0.214 1.60 (0.76, 3.40) 0.217
β
2
SE p-value β
2
SE p-value β
2
SE p-value
Screening glucose level 7.60 4.73 0.110 4.42 5.63 0.434 3.85 5.27 0.466
Post-Intervention 
Sports/Exercise Activity
(top vs. bottom 3 quartiles)
Change in Sports/Exercise 
Activity
(increase/maintain vs decrease)
Table 1.13. Gestational diabetes mellitus, impaired glucose tolerance, abnormal glucose tolerance and screening glucose 
value by baseline, post-intervention and change in sports/exercise activity during pregnancy; Unadjusted: BABY Study
†Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
*Logistic regression was used to calculate odds ratios for bivariate outcomes and linear regression to calculate mean differences for 
continuous outcomes.
Baseline Sports/Exercise 
Activity
(top vs. bottom 3 quartiles)
78 
Measures of glucose intolerance
1
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
Gestational diabetes mellitus 1.23 (0.51, 2.98) 0.641 1.35 (0.51, 3.55) 0.543 0.79 (0.31, 2.01) 0.621
Impaired glucose tolerance 1.09 (0.49, 2.41) 0.837 1.03 (0.42, 2.53) 0.943 0.79 (0.35, 1.80) 0.576
Abnormal glucose tolerance 1.03 (0.54, 1.97) 0.934 1.32 (0.62, 2.81) 0.466 1.38 (0.68, 2.77) 0.374
β
2
SE p-value β
2
SE p-value β
2
SE p-value
Screening glucose level -1.16 4.79 0.809 -1.45 5.60 0.796 3.43 5.17 0.508
Post-Intervention Moderate-
Vigorous Activity
(top vs. bottom quartiles)
Change in Moderate-Vigorous 
Activity
(increase/maintain vs decrease)
Table 1.14. Gestational diabetes mellitus, impaired glucose tolerance, abnormal glucose tolerance and screening glucose 
value by baseline, post-intervention and change in moderate-vigorous activity during pregnancy; Unadjusted: BABY Study
1
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
2
Logistic regression was used to calculate odds ratios for bivariate outcomes and linear regression to calculate mean differences for 
continuous outcomes.
Baseline Moderate-Vigorous 
Activity
(top vs. bottom quartiles)
79 
Measures of glucose intolerance
2
OR
3
95% CI p-value OR
3
95% CI p-value OR
3
95% CI p-value
Gestational diabetes mellitus 1.54 (0.62, 3.86) 0.355 2.09 (0.70, 6.22) 0.186 4.09 (1.16, 14.42) 0.029
Impaired glucose tolerance 1.90 (0.85, 4.25) 0.119 1.70 (0.63, 4.53) 0.293 2.59 (0.91, 7.35) 0.074
Abnormal glucose tolerance 2.04 (1.07, 3.90) 0.032 2.16 (0.94, 4.97) 0.069 2.80 (1.14, 6.83) 0.024
β
3
SE p-value β
3
SE p-value β
3
SE p-value
Screening glucose level 10.04 4.65 0.032 6.74 5.80 0.247 11.13 5.35 0.039
3
Logistic regression was used to calculate odds ratios for bivariate outcomes and linear regression to calculate mean differences for 
continuous outcomes.
Baseline Sports/Exercise 
Activity
(top vs. bottom 3 quartiles)
Table 1.15. Gestational diabetes mellitus, impaired glucose tolerance, abnormal glucose tolerance and screening glucose 
value by baseline, post-intervention and change in sports/exercise activity during pregnancy; Adjusted
1
: BABY Study
Post-Intervention 
Sports/Exercise Activity
(top vs. bottom 3 quartiles)
Change in Sports/Exercise 
Activity
(increase/maintain vs decrease)
1
All models adjusted for age (continuous), Hispanic ethnicity (yes vs. no) and marital status (married vs. not married); post-
intervention activity and change in activity additionally adjusted for baseline activity
2
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
80 
Measures of glucose intolerance
2
OR
3
95% CI p-value OR
3
95% CI p-value OR
3
95% CI p-value
Gestational diabetes mellitus 1.50 (0.60, 3.76) 0.390 2.16 (0.68, 6.84) 0.191 0.85 (0.31, 2.37) 0.760
Impaired glucose tolerance 1.31 (0.57, 3.01) 0.519 1.29 (0.45, 3.66) 0.635 0.80 (0.32, 1.98) 0.628
Abnormal glucose tolerance 1.09 (0.56, 2.10) 0.800 1.45 (0.60, 3.49) 0.407 1.53 (0.71, 3.26) 0.275
β
3
SE p-value β
3
SE p-value β
3
SE p-value
Screening glucose level 0.63 4.71 0.893 -0.41 6.18 0.948 3.38 5.18 0.516
Post-Intervention Moderate-
Vigorous Activity
(top vs. bottom quartiles)
Table 1.16. Gestational diabetes mellitus, impaired glucose tolerance, abnormal glucose tolerance and screening glucose 
value by baseline, post-intervention and change in moderate-vigorous activity during pregnancy; Adjusted
1
: BABY Study
1
All models adjusted for age (continuous), Hispanic ethnicity (yes vs. no) and marital status (married vs. not married); post-
intervention activity and change in activity additionally adjusted for baseline activity
2
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
3
Logistic regression was used to calculate odds ratios for bivariate outcomes and linear regression to calculate mean differences for 
continuous outcomes.
Baseline Moderate-Vigorous 
Activity
(top vs. bottom quartiles)
Change in Moderate-Vigorous 
Activity
(increase/maintain vs decrease)
81 
n % n % n % p-value
1
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 26 11.9 4 8.2 22 12.9 0.748 20 11.9 2 6.1 18 13.3 0.222
20-24 86 39.3 18 36.7 68 40.0 67 39.9 15 45.5 52 38.5
25-29 49 22.4 12 24.5 37 21.8 36 21.4 4 12.1 32 23.7
30-40 58 26.5 15 30.6 43 25.3 45 26.8 12 36.4 33 24.4
Ethnicity
Hispanic 130 59.4 26 53.1 104 61.2 0.308 101 60.1 20 60.6 81 60.0 0.949
Non-Hispanic 89 40.6 23 46.9 66 38.8 67 39.9 13 29.4 54 40.0
Education
Less than high school 55 25.1 13 26.5 42 24.7 0.655 37 22.0 6 18.2 31 23.0 0.873
High school graduate or GED 67 30.6 12 24.5 55 32.4 54 32.1 11 33.3 43 31.9
Post high school 94 42.9 22 44.9 72 42.4 66 39.3 13 39.4 53 39.3
Missing 3 1.4 2 4.1 1 0.6 11 6.5 3 9.1 8 5.9
Household income
<$15,000 94 42.9 21 42.9 73 42.9 0.557 66 39.3 13 39.4 53 39.3 0.496
$15,000-<$30,000 33 15.1 6 12.2 27 15.9 21 12.5 3 9.1 18 13.3
≥$30,000 46 21.0 13 26.5 33 19.4 36 21.4 10 30.3 26 19.3
Don't know/refused 44 20.1 7 14.3 37 21.8 35 20.8 4 12.1 31 23.0
Missing 2 0.9 2 4.1 0 0 10 6.0 3 9.1 7 5.2
Quartile 1
(<1)
(n=49)
Quartiles 2-4
(≥1)
(n=170)
Total
Table 1.17. Distribution of covariates according to baseline and post-intervention sedentary hours per day: B.A.B.Y. Study
Quartile 1
(<1)
(n=33)
Quartiles 2-4
(≥1)
(n=135)
Total
Baseline Sedentary Activity 
(hrs/day, n=219)
Post-Intervention Sedentary Activity
(hrs/day, n=168)
82 
n % n % n % p-value
1
n % n % n % p-value
1
Marital status
Single/separated/divorced/widowed 164 74.9 34 69.4 130 76.5 0.282 125 74.4 22 66.7 103 76.3 0.264
Married 54 24.7 15 30.6 39 22.9 42 25.0 11 33.3 31 23.0
Refused 1 0.5 0 0 1 0.6 0 0 0 0 0 0
Missing 0 0 0 0 0 0 1 0.6 0 0 1 0.7
Live with Partner
Yes 135 61.6 32 65.3 103 60.6 0.348 103 61.3 23 69.7 80 59.3 0.143
No 82 37.4 15 30.6 67 39.4 55 32.7 7 21.2 48 35.6
Missing 2 0.9 2 4.1 0 0 10 6.0 3 9.1 7 5.2
Adults in household
1 49 22.4 12 24.5 37 21.8 0.860 34 20.2 6 18.2 28 20.7 0.975
2 111 50.7 23 46.9 88 51.8 83 49.4 16 48.5 67 49.6
≥3 57 26.0 13 26.5 44 25.9 44 26.2 8 24.2 36 26.7
Missing 2 0.9 1 2.0 1 0.6 7 4.2 3 9.1 4 3.0
Children in household
0 51 23.3 7 14.3 44 25.9 0.342 41 24.4 5 15.2 36 26.7 0.283
1 82 37.4 21 42.9 61 35.9 65 38.7 16 48.5 49 36.3
2 55 25.1 14 28.6 41 24.1 44 26.2 9 27.3 35 25.9
≥3 28 12.8 5 10.2 23 13.5 15 8.9 1 3.0 14 10.4
Missing 3 1.4 2 4.1 1 0.6 3 1.8 2 6.1 1 0.7
Table 1.17, continued. Distribution of covariates according to baseline and post-intervention sedentary hours per day: 
B.A.B.Y. Study 
Baseline Sedentary Activity 
(hrs/day, n=219)
Post-Intervention Sedentary Activity
(hrs/day, n=168)
Total Quartile 1
(<1)
(n=49)
Quartiles 2-4
(≥1)
(n=170)
Total Quartile 1
(<1)
(n=33)
Quartiles 2-4
(≥1)
(n=135)
83 
n % n % n % p-value
1
n % n % n % p-value
1
Health status and risk factors
Parity
Nulliparous 58 26.5 12 24.5 46 27.1 0.608 49 29.2 7 21.2 42 31.1 0.214
Parous 154 70.3 37 75.5 117 68.8 114 67.9 26 78.8 88 65.2
Missing 7 3.2 0 0 7 4.1 5 3.0 0 0 5 3.7
Pre-pregnancy BMI
<25 kg/m2 5 2.3 1 2.0 4 2.4 1.000 3 1.8 1 3.0 2 1.5 0.576
25-<30 kg/m2 79 36.1 18 36.7 61 35.9 58 34.5 10 30.3 48 35.6
30-<40 kg/m2 135 61.6 30 61.2 105 61.8 107 63.7 22 66.7 85 63.0
Personal history of GDM
Yes 21 9.6 5 10.0 16 9.4 0.859 17 10.1 2 6.1 15 11.1 0.740
No 181 82.6 40 81.6 141 82.9 135 80.4 26 78.8 109 80.7
Missing 17 7.8 4 8.2 13 7.7 16 9.5 5 15.2 11 8.2
Family history of diabetes mellitus
Yes 206 94.1 48 98.0 158 92.9 0.417 158 94.0 31 93.9 127 94.1 0.361
No 2 0.9 1 2.0 1 0.6 2 1.2 1 3.0 1 0.7
Missing 11 5.0 0 0 11 6.5 8 4.8 1 3.0 7 5.2
Table 1.17, continued. Distribution of covariates according to baseline and post-intervention sedentary hours per day: 
B.A.B.Y. Study
Baseline Sedentary Activity 
(hrs/day, n=219)
Post-Intervention Sedentary Activity
(hrs/day, n=168)
Total Quartile 1
(<1)
(n=49)
Quartiles 2-4
(≥1)
(n=170)
Total Quartile 1
(<1)
(n=33)
Quartiles 2-4
(≥1)
(n=135)
84 
n % n % n % p-value
1
n % n % n % p-value
1
Smoking pre-pregnancy
>10 cigarettes/day 17 7.8 1 2.0 16 9.4 0.167 11 6.5 3 9.1 8 5.9 0.602
≤10 cigarettes/day 59 26.9 11 22.5 48 28.2 44 26.2 7 21.2 37 27.4
No 140 63.9 35 71.4 105 61.8 102 60.7 20 60.6 82 60.7
Missing 3 1.4 2 4.1 1 0.6 11 6.5 3 9.1 8 5.9
Smoking during pregnancy
>10 cigarettes/day 2 0.9 0 0 2 1.2 0.527 1 0.6 0 0 1 0.7 0.626
≤10 cigarettes/day 30 13.7 4 8.2 26 15.3 19 11.3 5 15.2 14 10.4
No 178 81.3 41 83.7 137 80.6 134 79.8 25 75.8 109 80.7
Missing 9 4.1 4 8.2 5 2.9 14 8.3 3 9.1 11 8.1
Alcohol use pre-pregnancy
Yes 108 49.3 17 34.7 91 53.5 0.032 77 45.8 15 45.5 62 45.9 0.907
No 108 49.3 30 61.2 78 45.9 80 47.6 15 45.5 65 48.2
Missing 3 1.4 2 4.1 1 0.6 11 6.5 3 9.1 8 5.9
Alcohol use during pregnancy
Yes 5 2.3 1 2.0 4 2.4 1.000 4 2.4 0 0 4 3.0 1.000
No 208 95.0 44 89.8 164 96.5 153 91.1 30 90.9 123 91.1
Missing 6 2.7 4 8.2 2 1.2 11 6.5 3 9.1 8 5.9
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5). Excludes missing values and "don't know"/"refused".
Table 1.17, continued. Distribution of covariates according to baseline and post-intervention sedentary hours per day: 
B.A.B.Y. Study
Baseline Sedentary Activity 
(hrs/day, n=219)
Post-Intervention Sedentary Activity
(hrs/day, n=168)
Total Quartile 1
(<1)
(n=49)
Quartiles 2-4
(≥1)
(n=170)
Total Quartile 1
(<1)
(n=33)
Quartiles 2-4
(≥1)
(n=135)
85 
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 27 10.8 19 9.6 8 15.1 0.567
20-24 96 38.2 75 37.9 21 39.6
25-29 61 24.3 51 25.8 10 18.9
30-40 67 26.7 53 26.8 14 26.4
Ethnicity
Hispanic 151 60.2 123 62.1 28 52.8 0.220
Non-Hispanic 100 39.8 75 37.9 25 47.2
Education
Less than high school 57 22.7 45 22.7 12 22.6 0.540
High school graduate or GED 74 29.5 54 27.3 20 37.7
Post high school 99 39.4 79 39.9 20 37.7
Missing 21 8.4 20 10.1 1 1.9
Household income
<$15,000 99 39.4 75 37.9 24 45.3 0.565
$15,000-<$30,000 36 14.3 30 15.2 6 11.3
≥$30,000 50 19.9 37 18.7 13 24.5
Don't know/refused 46 18.3 36 18.2 10 18.9
Missing 20 8.0 20 10.1 0 0
Marital status
Single/separated/divorced/widowed 187 74.5 144 72.7 43 81.1 0.275
Married 61 24.3 51 25.8 10 18.9
Refused 1 0.4 1 0.5 0 0
Missing 2 0.8 2 1.0 0 0
Live with Partner
Yes 145 57.8 114 57.6 31 58.5 0.463
No 86 34.3 64 32.3 22 41.5
Missing 20 8.0 20 10.1 0 0
Adults in household
1 58 23.1 44 22.2 14 26.4 0.254
2 121 48.2 99 50.0 22 41.5
≥3 59 23.5 42 21.2 17 32.1
Missing 13 5.2 13 6.6 0 0
Table 1.18. Distribution of covariates according to change in sedentary hours per 
day: B.A.B.Y. Study
Total
Change in Sedentary Activity 
Maintain/
Decrease
(n=198)
Increase
(n=53)
86 
n % n % n % p-value
1
Children in household
0 58 23.1 46 23.2 12 22.6 0.988
1 93 37.1 73 36.9 20 37.7
2 61 24.3 47 23.7 14 26.4
≥3 30 12.0 23 11.6 7 13.2
Missing 9 3.6 9 4.6 0 0
Health status and risk factors
Parity
Nulliparous 65 25.9 50 25.3 15 28.3 0.658
Parous 176 70.1 140 70.7 36 67.9
Missing 10 4.0 8 4.0 2 3.8
Pre-pregnancy BMI
<25 kg/m2 8 3.2 8 4.0 0 0 0.295
25-<30 kg/m2 87 34.7 66 33.3 21 39.6
30-<40 kg/m2 156 62.2 124 62.6 32 60.4
Personal history of GDM
Yes 24 9.6 19 9.6 5 9.4 0.980
No 209 83.3 165 83.3 44 83.0
Missing 18 7.2 14 7.1 4 7.6
Family history of diabetes mellitus
Yes 235 93.6 182 91.9 53 100.0 1.000
No 3 1.2 3 1.5 0 0
Missing 13 5.2 13 6.6 0 0
Smoking pre-pregnancy
>10 cigarettes/day 17 6.8 14 7.1 3 5.7 0.845
≤10 cigarettes/day 64 25.5 48 24.2 16 30.2
No 149 59.4 116 58.6 33 62.3
Missing 21 8.4 20 10.1 1 1.9
Smoking during pregnancy
>10 cigarettes/day 2 0.8 2 1.0 0 0 0.787
≤10 cigarettes/day 31 12.4 23 11.6 8 15.1
No 191 76.1 149 75.3 42 79.3
Missing 27 10.8 24 12.1 3 5.7
Alcohol use pre-pregnancy
Yes 115 45.8 93 47.0 22 41.5 0.207
No 115 45.8 85 42.9 30 56.6
Missing 21 8.4 20 10.1 1 1.9
Table 1.18, continued. Distribution of covariates according to change in sedentary 
hours per day: B.A.B.Y. Study
Change in Sedentary Activity 
Total Maintain/
Decrease
(n=198)
Increase
(n=53)
87 
n % n % n % p-value
1
Alcohol use during pregnancy
Yes 5 2.0 3 1.5 2 3.8 0.323
No 222 88.4 172 86.9 50 94.3
Missing 24 9.6 23 11.6 1 1.9
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5). Excludes 
missing values and "don't know"/"refused".
Table 1.18, continued. Distribution of covariates according to change in sedentary 
hours per day: B.A.B.Y. Study
Change in Sedentary Activity 
Total Maintain/
Decrease
(n=198)
Increase
(n=53)
88 
Measures of glucose intolerance
1
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
Gestational diabetes mellitus 0.94 (0.36, 2.46) 0.898 0.58 (0.16, 2.07) 0.396 1.45 (0.53, 3.98) 0.470
Impaired glucose tolerance 0.78 (0.32, 1.90) 0.581 0.55 (0.18, 1.70) 0.301 1.13 (0.49, 2.61) 0.783
Abnormal glucose tolerance 0.80 (0.39, 1.63) 0.533 0.73 (0.31, 1.76) 0.489 1.54 (0.77, 3.07) 0.223
β
2
SE p-value β
2
SE p-value β
2
SE p-value
Screening glucose level -3.58 4.95 0.470 -9.38 6.07 0.124 8.93 4.71 0.059
2
Logistic regression was used to calculate odds ratios for bivariate outcomes and linear regression to calculate mean differences for 
continuous outcomes.
Table 1.19. Gestational diabetes mellitus, impaired glucose tolerance, abnormal glucose tolerance and screening glucose 
value by baseline, post-intervention and change in sedentary activity during pregnancy; Unadjusted: BABY Study
Baseline Sedentary Activity
(bottom vs. top 3 quartiles)
Post-Intervention Sedentary 
Activity
(bottom vs. top 3 quartiles)
Change in Sedentary Activity
(Decrease/maintain vs. 
increase)
1
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
89 
Measures of glucose intolerance
2
OR
3
95% CI p-value OR
3
95% CI p-value OR
3
95% CI p-value
Gestational diabetes mellitus 0.86 (0.32, 2.29) 0.757 1.49 (0.46, 4.86) 0.508 1.89 (0.62, 5.74) 0.262
Impaired glucose tolerance 0.70 (0.28, 1.74) 0.442 1.18 (0.40, 3.50) 0.770 1.61 (0.62, 4.16) 0.324
Abnormal glucose tolerance 0.76 (0.37, 1.56) 0.452 1.22 (0.48, 3.09) 0.670 1.55 (0.71, 3.37) 0.269
β
3
SE p-value β
3
SE p-value β
3
SE p-value
Screening glucose level -4.87 4.84 0.315 -0.80 6.22 0.898 8.68 5.05 0.088
3
Logistic regression was used to calculate odds ratios for bivariate outcomes and linear regression to calculate mean differences for 
continuous outcomes.
Post-Intervention Sedentary 
Activity
(bottom vs. top 3 quartiles)
Change in Sedentary Activity
(decrease/maintain vs. increase)
Table 1.20. Gestational diabetes mellitus, impaired glucose tolerance, abnormal glucose tolerance and screening glucose 
value by baseline, post-intervention and change in sedentary activity during pregnancy; Adjusted
1
: BABY Study
1
All models adjusted for age (continuous), Hispanic ethnicity (yes vs. no) and marital status (married vs. not married); post-
intervention sedentary behavior and change in sedentary behavior additionally adjusted for baseline sedentary behavior
2
Diagnostic criteria: Gestational diabetes mellitus (GDM) was defined as exceeding two or more cut-points and impaired glucose 
tolerance (IGT) as exceeding one or more cutpoints on the 100g 3-hour glucose tolerance test according to the American Diabetes 
Association critera (CITE): 95 mg/dl at fasting, 180 mg/dl at 1-hour, 155 mg/dl at 2-hours and 140 mg/dl at 3-hours.  Abnormal 
glucose tolerance (AGT) was defined as exceeding 135 mg/dl on the 1-hour oral glucose tolerance test (OGTT).
Baseline Sedentary Activity
(bottom vs. top 3 quartiles)
90 
Odds Ratio Power*
0.5 0.41
0.4 0.59
0.3 0.77
0.2 0.91
*Power calculated using a chi-squared test with a 0.05 two-
sided significance level
Table 1.21. Power to detect the given odds ratios for 
GDM, IGT and AGT for exercise vs. intervention arm, 
assuming 246 study participants (Exercise=123, Health 
and Wellness=123)
91 
Mean Difference Power*
5 0.48
6 0.63
7 0.76
8 0.87
Table 1.22. Power to detect the given change in mg/dL of 
glucose for exercise vs. intervention arm, assuming 246 
study participants (Exercise=123, Health and 
Wellness=123)
*Power calculated using Student's t-test with a 0.05 two-sided 
significance level
92 
Odds Ratio Power*
0.5 0.41
0.4 0.58
0.3 0.75
0.2 0.89
*Power calculated using a chi-squared test with a 0.05 two-sided 
significance level
Table 1.23. Power to detect the given odds ratios for GDM, 
IGT and AGT by change sports/exercise activity, 
moderate/vigorous activity and sedentary behavior assuming 
246 participants (group 1=82, group 2=164)
93 
Mean Difference Power*
5 0.16
6 0.48
7 0.81
8 0.97
Table 1.24. Power to detect a given mean difference in mg/dL of 
glucose by change sports/exercise activity, moderate/vigorous 
activity and sedentary behavior assuming 246 participants 
(group 1=82, group 2=164)
*Power calculated using Student's t-test with a 0.05 two-sided 
significance level
94 
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CHAPTER 2 
THE BEHAVIORS AFFECTING BABY AND YOU (B.A.B.Y.) STUDY: THE 
IMPACT OF AN EXERCISE INTERVENTION ON GESTATIONAL WEIGHT 
GAIN 
Introduction: Public Health Impact 
Excessive gestational weight gain (GWG) is common during pregnancy, and is 
associated with both short-term pregnancy complications and long-term risk of 
overweight and obesity for mother and baby.  Although much of the focus on GWG 
centers on the impact of inadequate GWG on increased risk of low birth weight and 
infant mortality (61-63), the contribution of excessive GWG to poor health outcomes and 
the potential role of interventions in reducing excessive GWG has been increasingly 
examined.  Excessive GWG has been associated with an increased risk of gestational 
diabetes (64-67), preeclampsia and other hypertensive disorders of pregnancy (61, 68-
71), preterm premature rupture of membranes (PPROM) (69), Cesarean section (61, 62, 
71-73) and macrosomia (63, 68, 69, 71, 73).  Mothers with excessive GWG may have an 
increased risk of classification as overweight, and higher waist circumference in both the 
short-term (3-12 mo. post-partum) and long-term (up to 21 years post-partum) (74-77).  
Associations have also been noted between total GWG and risk of overweight and 
obesity in offspring, from very early childhood to early adulthood (78-83).   
In 2009, the Institute of Medicine set new guidelines for total weight gain during 
pregnancy and rate of weight gain during the second and third trimesters based on pre-
pregnancy body mass index (BMI) (84).  The ranges for adequate weight gain were based 
on best available research relating total GWG and rate of GWG to maternal and fetal 
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outcomes, and represent the ranges for which total risk of maternal and fetal adverse 
effects is estimated to be lowest.  The guidelines were tailored to pre-pregnancy BMI 
based on literature suggesting that the total GWG at which maternal and fetal adverse 
pregnancy outcomes were observable was lower for women with higher pre-pregnancy 
BMI (84). 
Based on findings from the 2010 Pregnancy Nutritional Surveillance System, 
48.0% of US women exceeded the IOM guidelines and 21.5% did not achieve the 
guidelines for total GWG (85).  Hispanic women were more likely to have inadequate 
GWG than non-Hispanic women (23.4% and 18.7%, respectively) and were less likely to 
exceed the IOM guidelines for GWG (43.6% and 51.9%, respectively) (86). Risk factors 
for inadequate GWG include multiparity (87, 88), experiencing health problems during 
pregnancy (88), inadequate prenatal care (89), being low-income (87), Hispanic ethnicity 
(90) and being a recent immigrant (88), while risk factors for excessive GWG include 
higher pre-pregnancy BMI (91-93), nulliparity (88, 91, 93), falling below the poverty 
level (88, 94) and having health care coverage (94).  Additionally, increasing level of 
acculturation has been associated with an increased risk for excessive GWG among 
Hispanic women (88, 94, 95).  
 Although few modifiable risk factors have been identified for either inadequate or 
excessive GWG, some studies have suggested an association between lower caloric 
intake (96-98) and increased exercise (93, 94, 99) and reduced risk of excessive GWG 
(99). The American Congress of Obstetricians and Gynecologists (ACOG) recommends 
that pregnant women engage in at least 30 minutes of moderate to vigorous activity on 
most days of the week (25).  These recommendations were established after the long-
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assumed association between exercise and several complications of pregnancy was 
demonstrated to be unsubstantiated (25), and reflect recommendations for minimum 
levels of exercise for adults to promote long-term health by the Centers for Disease 
Control and Prevention and the American College of Sports Medicine (26).  
 Observational research into the effect of physical activity during pregnancy on 
pregnancy outcomes has been conflicting, with some studies finding a protective effect of 
physical activity during pregnancy on gestational diabetes, preeclampsia and other 
hypertensive disorders of pregnancy, preterm birth and macrosomia/large for gestational 
age infants (27, 28).  Additionally, randomized trials have indicated that physical activity 
during pregnancy may reduce excessive GWG, although results have been conflicting 
(27, 28).  However, based on data from the National Health and Nutrition Examination 
Surveys, only 22.9% (±2.99%) of pregnant women in the United States met the 
guidelines for exercise during pregnancy from 1999-2006, with the proportion of women 
meeting exercise guidelines decreasing significantly with increasing trimester (29).  The 
proportion of pregnant women reporting any moderate-vigorous activity was 56.6% 
(±2.95%), with pregnant women reporting an overall average of 1.8 (±0.7) hours of 
moderate-vigorous activity per week.  Twenty-four percent reported that their usual daily 
activities involved mostly sitting (29).  
Exercise influences GWG by increasing energy expenditure, leading to a 
reduction in overall energy balance and thereby excess adipose tissue (100-103).  
Observational research provides some support for this mechanism, as several studies have 
shown an association between greater levels of exercise during pregnancy and a lower 
total GWG (84, 96, 99, 104).  For example, a study by Kraschnewski et al. found that 
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increasing activity was significantly inversely associated with exceeding GWG 
guidelines, with 49.3% of participants who were active meeting or exceeding IOM 
exercise guidelines as compared to 59.9% of participants who were inactive (p<0.01) 
(99).  Although the association between exercise and a lower GWG is intuitive and has 
evidence in observational research, the public health application of the above research – 
the effectiveness of exercise interventions in reducing total GWG – has yet to be 
conclusively demonstrated. 
 Over the past 5 years, ten randomized trials have assessed the efficacy of exercise 
interventions in reducing excessive GWG and promoting compliance with IOM 
guidelines. Of these, four reported a significant reduction in mean GWG (105-108), two 
of which also reported a significant reduction in proportion of participants with excessive 
GWG (106, 107).  The remaining six trials found no statistically significant association 
with either mean GWG or compliance with IOM guidelines (109-114).  The trials varied 
greatly in intervention content and study population.  None assessed the efficacy of the 
intervention in a cohort at high risk for pregnancy complications associated with GWG 
and none included a significant proportion of racially/ethnically diverse women. While 
the biological association between exercise during pregnancy and GWG would not be 
expected to vary by study population characteristics (such as risk of GDM and 
race/ethnicity), it is possible that adherence to the intervention content, and thereby the 
ability to detect the biological association between exercise and GWG, may vary by study 
population characteristics.  Differing intervention content may also lead to different 
associations between study group assignment and GWG, due to two factors: 1) type of 
exercise may be differentially related to GWG, and 2) compliance may be greater with 
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certain intervention content.  In addition, many of these trials required participants to 
attend regular supervised exercise sessions or undergo regular monitoring which may not 
be feasible in standard prenatal care settings.   
 We propose to analyze the association between exercise and GWG as well as 
compliance with IOM guidelines for GWG in the Behaviors Affecting Baby and You 
(B.A.B.Y.) Study. The B.A.B.Y. study was a randomized trial conducted among a 
diverse group of high-risk pregnant women receiving prenatal care at the ambulatory 
obstetrical practices of Baystate Medical Center.  Women were randomly assigned to a 
home-based, individually tailored 12-week exercise intervention or a comparison health 
and wellness intervention.  Data on GWG was abstracted from medical records. 
Physiologic Mechanisms 
 Exercise influences GWG through its effect on energy balance, the net sum of 
energy intake and energy expenditure.  Body weight is thought to be maintained when 
energy intake and energy expenditure are equal (115). When energy intake exceeds total 
energy expenditure, a positive net energy balance occurs, and excess energy is converted 
to lipids and stored in adipose tissue (116).  For weight control, an excess of energy 
expenditure, representing a negative net energy balance and recruitment of energy from 
adipose tissue, must occur (115).   
Sources of energy expenditure in non-pregnant adults includes basal metabolism 
(the energy required to maintain cellular function at rest, approximately 60-75% of 
energy needs), the energy cost of muscular work, the thermic effect of food digestion and 
the thermic effect of exercise (117).   Exercise is the most variable component of energy 
expenditure (115), and engaging in exercise can increase energy expenditure by 2-20 
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times the basal metabolic rate and also result in greater energy expenditure in the minutes 
to hours post-exercise (117).  Engaging in exercise therefore increases total energy 
expenditure, and reduces net energy balance, either reducing the amount of energy stored 
in adipose tissue or requiring the recruitment of energy in adipose tissue to meet energy 
expenditure needs.   
Pregnancy alters maternal physiology and metabolism, with additional energy 
expenditure during pregnancy required for the development and support of products of 
conception (placenta, fetus, amniotic fluid), increases in basal metabolism to maintain 
new tissues and increases in maternal fat storage (84, 118).  As the energy required for 
the products of conception and increased basal metabolism have small inter-individual 
variation, much of the variance observed in GWG between individuals is thought to be 
due to increases in fat mass (84).  Reduction in excessive GWG, and therefore excessive 
increases in fat mass during pregnancy, may therefore be achieved by increasing energy 
expenditure through exercise.  
Epidemiological Research 
 Since 1975, at least 24 randomized trials have been conducted assessing the 
effectiveness of an exercise intervention on reducing total GWG.  Ten randomized 
controlled trials published in the past 5 years have assessed the effect of exercise 
interventions without a companion dietary intervention, and will be the focus of this 
review due to the fact that these interventions are most comparable to the one proposed. 
Of these recent trials, four found that the exercise intervention was significantly 
associated with decreases in GWG (105-108), with two studies additionally finding an 
association between the exercise intervention and a lower proportion of women 
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exceeding GWG guidelines (106, 107) and one study finding an association between the 
exercise intervention and a higher proportion of women with inadequate GWG (107). 
The remaining 6 studies found no significant association between the exercise 
intervention and GWG (109-114).    
 A recent meta-analysis by Thangaratinam et al. of 14 exercise interventions 
published between 1976 and 2011 found that the interventions led to an average 
reduction of 0.72 kg (95% CI 0.25-1.02) GWG; no significant differences were found 
between intervention types (97).  A second meta-analysis published by Streuling et al. in 
2011 looking at 12 exercise interventions (including 3 additional studies not included in 
Thangaratinam et al) published between 1983 and 2009 found a similar reduction in 
GWG of 0.61 kg (95% CI 0.06-1.17) for 12 randomized trials of exercise (98).  The 
above trials varied in several key ways, including intervention timing, duration, study 
population and study size.  
 Of the four studies included in this review finding a significant association 
between the intervention and GWG, 2 employed supervised group aerobic exercise 
sessions and 2 employed non-supervised walking interventions (both requiring regular 
monitoring – one with weekly laboratory visits and one by study staff monitoring 
pedometer-recorded step-count).  Interventions utilized by the non-significant trials all 
included supervised exercise sessions, with content including aerobics, water-aerobics 
and strength-training. Adherence to the interventions ranged from approximately 50% to 
97%, with no clear link between adherence and significance of findings.     
In a large randomized controlled trial, Ruiz et al. assessed the effectiveness of 
supervised group exercise during pregnancy on reducing total GWG and increasing the 
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likelihood of meeting IOM guidelines for GWG (106).  At approximately 9 weeks 
gestation, 962 inactive pregnant women were randomized into the exercise intervention 
or usual care.  The exercise intervention consisted of 50-55 minute sessions of supervised 
light-to-moderate intensity aerobic and resistance exercises on 3 days per week, lasting 
until 38-39 weeks gestation.  Information on GWG was abstracted from medical records.  
Adherence to training in the intervention group was reported at 97%. Total GWG was 
significantly lower in the intervention group as compared to the usual care group (mean 
difference= -1.04, 95% CI -1.55, -0.53, p<0.001). Similarly, the odds of exceeding the 
IOM recommendations was lower in the intervention group as compared to the usual care 
group (OR=0.63, 95% CI 0.46-0.85).  While this intervention was significantly 
associated with a lower risk of exceeding recommendations for total GWG, the 
requirement to attend 3 weekly hour-long exercise sessions may limit the application of 
this intervention model to practice. 
Barakat et al. conducted a randomized trial assessing the effectiveness of an 
exercise intervention combining both aerobic and resistance training on GWG (108).  At 
10-12 weeks gestation, 780 inactive pregnant women were randomized to either an 
exercise intervention or usual care.  The exercise intervention consisted of three 55-
minute supervised group exercise class per week, combining aerobic exercise, strength 
training and flexibility training, and lasted from 10-12 weeks gestation to 38-39 weeks 
gestation. Total GWG was based on medical record abstraction. Adherence to the 
intervention was reported at greater than 95%.  Mean total GWG was 11.6±3.7 kg in the 
exercise group and 13.3±4.1 kg in the usual care group (p<0.001).  Again, the translation 
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of the intervention into clinical practice may be limited by the requirement for three 
weekly supervised exercise sessions (108). 
Renault et al. conducted the only study to compare the effectiveness of two 
intervention models, an exercise plus diet intervention versus an exercise only 
intervention, to usual care in reducing total GWG (107).  A total of 425 pregnant women 
with BMI ≥30 kg/m2 were randomized at less than 16 weeks gestation into one of the 
three study groups: 1) exercise intervention, 2) exercise plus dietary intervention, and 3) 
usual care.  The exercise intervention consisted of individual counseling by a dietician 
with the goal of achieving a daily step count of 10,000 steps, which was periodically 
monitored by use of a pedometer.  Assuming a pace of 100/steps per minute (MET value 
of 3, indicating moderate-intensity walking), this would translate to 100 minutes of 
walking per day if all walking were moderate-intensity, although activity was likely 
divided between all intensities of activity (119).  Women in the diet plus exercise group 
additionally received individual counseling with a dietician every 2 weeks during 
pregnancy, and were encouraged to follow a Mediterranean diet.  Total GWG was based 
on medical record abstraction.  Pedometer-assessed step counts at 21 weeks were 
8,211±3,121 steps in the exercise plus diet intervention and 8,829±2,980 steps in the 
exercise intervention. Median total GWG was significantly lower in the exercise group 
(9.4 kg) and the diet plus exercise group (8.6 kg) as compared to the usual care group 
(10.9 kg) (p=0.04 and p=0.01, respectively). There was a significant difference between 
the pooled intervention groups and the control group in both inadequate (p=0.021) and 
excessive (p=0.010) GWG. No significant differences in median GWG were found 
between the exercise group and the diet plus exercise group (107).  
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In summary, of ten studies assessing the efficacy of an exercise intervention on 
reducing GWG published since 2009, four found a significant association between the 
intervention and lower GWG (105-108).  The intervention content of these four studies 
included either supervised group exercise sessions (106, 108) or walking with intensive 
monitoring of activity by study staff (105, 107).  There was little difference between 
studies finding significant and non-significant associations in terms of intervention type, 
duration and type of activities, although it is notable that both group-intervention models 
(105, 106, 108) and a home-exercise model (107) were associated with significant 
findings. Sample size may have contributed to the ability of studies to detect a significant 
association, with 3 of the studies finding a significant association having sample sizes 
greater than 400 (106-108), and all 6 of the null studies having samples sizes less than 
200.   
Although this literature suggests that exercise interventions may be effective in 
reducing total GWG during pregnancy, more research is needed to determine the types of 
intervention content that are associated most strongly with a reduction in excessive 
GWG, particular for intervention models that can be implemented in clinical settings.  
Eight of the studies required participants to attend supervised exercise sessions (106, 108-
114, 120), an intervention model that may not be feasible in regular prenatal care settings.  
Assessing the effectiveness of interventions that are readily adoptable in clinical settings 
and require low resources from participants is important in addressing whether exercise 
interventions are feasible as a means of reducing total GWG in the population.  
Additionally, all studies included women at normal risk for pregnancy-related 
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complications, a population among whom adherence to interventions may not reflect 
adherence in high-risk populations. 
Summary 
 
 In the United States, 48% of pregnant women exceed recommended GWG 
guidelines (85).  Excessive GWG is associated with short-term pregnancy complications, 
including gestational diabetes (64-67), preeclampsia and other hypertensive disorders of 
pregnancy (61, 68-71), preterm premature rupture of membranes (PPROM) (69), 
Cesarean section (61, 62, 71-73) and macrosomia (63, 68, 69, 71, 73), as well as a long-
term risk of overweight and obesity for both mother (74-77) and baby (78-83).  While 
ACOG recommends women achieve 30 minutes of moderate to vigorous exercise on 
most days throughout pregnancy, less than one quarter of women in the United States 
report meeting those guidelines during pregnancy.  Exercise during pregnancy may 
influence GWG by increasing caloric expenditure, thereby reducing net caloric intake and 
excess adipose tissue (100-103).   
 Despite some evidence suggesting that exercise interventions may reduce total 
GWG during pregnancy (97, 98), more studies are needed to definitively show an 
association between interventions and GWG.  The interventions used in previous studies 
varied in feasibility, with some finding a significant association with reduced GWG only 
via supervised exercise sessions that may not be feasible in normal care settings (105, 
107, 108).  Few interventions have been conducted among women at high-risk for 
pregnancy complications associated with GWG, a population among whom adherence to 
intervention content may differ.  Additionally, no previous study has assessed the 
association between exercise and GWG in a largely Hispanic population, a population 
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with unique risk factors for excessive GWG and its associated sequelae (89, 94, 95).  For 
any significant findings to be translatable to clinical practice, the effectiveness of low-
resource and low-cost interventions that are tailored to participant’s lifestyles needs to be 
demonstrated.  Therefore, we propose to assess the efficacy of a 12-week, individually-
tailored exercise intervention on GWG and compliance with IOM guidelines as compared 
to a health and wellness intervention, among a high risk ethnically diverse group of 
women. 
Specific Aims and Hypotheses 
 
Specific Aim 1: To evaluate the efficacy of a 12-week exercise intervention as 
compared to a health and wellness intervention on GWG and meeting recommended 
guidelines for GWG among high-risk prenatal care patients. 
 Hypothesis 1a: Compared to participants in the health and wellness intervention, 
participants in the exercise intervention will have a lower total GWG and a lower rate of 
GWG. 
 Hypothesis 1b: Compared to participants in the health and wellness intervention, 
participants in the exercise intervention will be more likely to meet IOM guidelines for 
total GWG and rate of GWG. 
Specific Aim 2: To evaluate the impact of self-reported physical activity (i.e., 
moderate-vigorous intensity physical activity and sports/exercise activity) on GWG and 
meeting recommended guidelines for GWG among high-risk prenatal care patients. 
Hypothesis 2a: Compared to participants who decrease their participation in 
moderate-vigorous intensity activity and sports/exercise activity, those who maintain or 
increase their participation will have a lower total GWG and a lower rate of GWG. 
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Hypothesis 2b: Compared to participants in the lower three quartiles of 
sports/exercise or moderate-vigorous activity at baseline, those in the top quartile will 
have a lower total GWG and a lower rate of GWG. 
Hypothesis 2c: Compared to participants in the lower three quartiles of 
sports/exercise or moderate-vigorous activity at the end of the intervention, those in the 
top quartile will have a lower total GWG and a lower rate of GWG. 
Hypothesis 2d: Compared to participants who decrease their participation in 
moderate-vigorous intensity activity and sports/exercise activity, those who maintain or 
increase their participation will be more likely to meet IOM guidelines for total GWG 
and rate of GWG. 
Hypothesis 2e: Compared to participants in the lower three quartiles of 
sports/exercise or moderate-vigorous activity at baseline, those in the top quartile will be 
more likely to meet IOM guidelines for total GWG and rate of GWG. 
Hypothesis 2f: Compared to participants in the lower three quartiles of 
sports/exercise or moderate-vigorous activity at the end of the intervention, those in the 
top quartile will be more likely to meet IOM guidelines for total GWG and rate of GWG. 
Specific Aim 3: To evaluate the impact of self-reported sedentary behavior on 
GWG and meeting recommended guidelines for GWG among high-risk prenatal care 
patients. 
Hypothesis 3a: Compared to participants who increase their sedentary behavior, 
those who maintain or decrease their sedentary behavior will have a lower total GWG 
and a lower rate of GWG. 
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Hypothesis 3b: Compared to participants who are in the top three quartiles of 
sedentary behavior at baseline, those in the lowest quartile will have a lower total GWG 
and a lower rate of GWG. 
Hypothesis 3c: Compared to participants who are in the top three quartiles of 
sedentary behavior at the end of the intervention, those in the lowest quartile will have a 
lower total GWG and a lower rate of GWG. 
Hypothesis 3d: Compared to participants who increase their sedentary behavior, 
those who maintain or decrease their sedentary behavior will be more likely to meet IOM 
guidelines for total GWG and rate of GWG. 
Hypothesis 3e: Compared to participants who are in the top three quartiles of 
sedentary behavior at baseline, those in the lowest quartile will be more likely to meet 
IOM guidelines for total GWG and rate of GWG. 
Hypothesis 3f: Compared to participants who are in the top three quartiles of 
sedentary behavior at the end of the intervention, those in the lowest quartile will be more 
likely to meet IOM guidelines for total GWG and rate of GWG. 
Methods 
 
Study Design and Study Population 
 
The B.A.B.Y. Study was a randomized controlled trial conducted between 2007- 
2012 designed to assess the effectiveness of a 12-week exercise intervention during 
pregnancy on reducing the risk of GDM. The B.A.B.Y. Study was based in the 
ambulatory obstetrical practices of Baystate Medical Center, a large tertiary care facility 
in Western Massachusetts serving an ethnically and socioeconomically diverse 
population and delivering approximately 4500 infants each year.  The majority of patients 
 109 
receiving prenatal care at Baystate Medical Center live in Holyoke and Springfield, both 
cities with relatively large Hispanic populations (38.8% in Springfield and 48.4% in 
Holyoke, according to the 2010 Census) (51).  Pregnant women were provided with 
information on study aims at a prenatal care visit early in pregnancy, at approximately 
10-12 weeks gestation, and if interested were asked to provide informed consent before 
completing a brief screening form to determine eligibility.  Participants who were eligible 
based on the screening form had their medical records reviewed by a study physician to 
additionally exclude those with contraindications to moderate exercise during pregnancy 
as outlined by ACOG, including absolute contraindications to exercise (such as persistent 
second- or third-trimester bleeding, ruptured membranes and preeclampsia/pregnancy-
induced hypertension) and relative contraindications to exercise (such as severe anemia, 
unevaluated maternal cardiac arrhythmia or intrauterine growth restriction) (26).  
The two main inclusion criteria for the study were being at high risk for GDM and 
being inactive.  Being at high risk for GDM was defined as meeting one of the following 
criteria: 1) having experienced gestational diabetes in a prior pregnancy, or 2) having 
both a family history of GDM and a body mass index (BMI) greater than 25 kg/m
2
.  
Being inactive was defined as not exceeding 30 minutes of moderate or vigorous activity 
on 3 or more days per week.  Women were excluded from the study if they were younger 
than 18 or older than 40 years of age, were at more than 20 weeks gestation, were unable 
to read English at a 6
th
 grade level, did not plan to deliver at Baystate Medical Center, 
had a non-singleton pregnancy, had contraindications to engaging in moderate exercise, 
were currently taking medications that adversely influenced glucose tolerance or had a 
personal history of diabetes outside of pregnancy, hypertension, heart disease or chronic 
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renal disease.  In total, 490 women met the initial inclusion criteria for the B.A.B.Y. 
Study. 
Eligible participants were block randomized in groups of 8 based on age group 
(<30 or >30 years), pre-pregnancy BMI (≥25 kg/m2 or <25 kg/m2) and ethnicity 
(Hispanic or non-Hispanic) into either the exercise intervention group or a comparison 
health and wellness intervention.  Both the exercise intervention and health and wellness 
intervention were 12-week programs ending at or near the time of routine GDM screen at 
24-28 weeks gestation.  Contact time with health educators and quantity of material 
provided was standardized across groups, with both receiving one face-to-face visit at 
baseline, and weekly and biweekly telephone booster calls and mailed informational 
materials throughout the 12 week program.   
The goal of the exercise intervention was to encourage participants to meet the 
American College of Obstetricians and Gynecologists’ (ACOG) criteria for exercise 
during pregnancy (30 minutes per day on most days of the week) (26). The exercise 
intervention was tailored to each participant, taking into account her baseline exercise, 
her readiness to change and her lifestyle and preferences for exercise.  At the baseline 
face-to-face meeting a health educator administered a Tailoring Questionnaire, developed 
from previous instruments used to assess stage of change for exercise, to assess each 
participant’s motivational readiness to change. Through individual counseling, women 
were encouraged to increase their exercise 10% each week from their baseline level and 
given flexibility in choosing the timing of exercise (multiple short bouts of 10 minutes 
each versus one session) and type of exercise, with an emphasis on increasing day-to-day 
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physical activities such as walking. Participant’s stage of change was used to provide 
stage-matched motivational targeted content.   
Changes in each participant’s stage of change were assessed throughout the 
intervention using monthly mailed follow-up Tailoring Questionnaires (with postage-paid 
envelopes), allowing subsequent intervention content to be tailored to participants’ 
behavioral changes.  Weekly and biweekly booster telephone calls provided 
motivationally-based individualized feedback regarding progress towards exercise goals.  
Participants not meeting exercise goals were given additional exercise counseling focused 
on addressing barriers to exercise.   
Women in the comparison group received a 12-week health and wellness 
intervention.   At the baseline face-to-face visit, participants were provided an ACOG 
publication covering topics related to a healthy pregnancy (including prenatal care, labor 
and delivery, breastfeeding and child care options) and the health educator discussed 
general issues related to health and wellness during pregnancy with participants.  After 
the baseline visit, participants in both study arms received weekly and biweekly mailings 
of ACOG informational brochures on healthy pregnancy topics, representing the high-
quality low-cost self-help material generally available to the public, and weekly and 
biweekly booster telephone calls to answer questions regarding the content of the 
brochures. 
Exposure Assessment 
 
The main exposure of interest in this study was assignment to study group. The 
secondary exposure of interest, change in self-reported: 1)  moderate-vigorous intensity 
physical activity, 2) sports/exercise activity, and 3) sedentary behavior, was based upon 
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responses to the 33-item Pregnancy Physical Activity Questionnaire (PPAQ) 
administered at baseline and at the end of the intervention.  At each time period, 
participants were asked to report the relative duration in which they engaged in 
sports/exercise, occupational, household and transportation activities of sedentary, light, 
moderate and vigorous intensity.  For the purposes of the current analysis, time spent in 
activities of moderate-vigorous intensity activity and sports/exercise activity at baseline 
and at the end of the intervention were be multiplied by their metabolic equivalent of task 
(MET) value to derive MET-hrs/wk (52, 53). All MET values were drawn from the 
Compendium of Physical Activities, except for MET values for walking and light- and 
moderate-intensity household activity, which were derived from field-based 
measurements in pregnant women (52, 54, 121).Change in MET-hrs/wk of moderate-
vigorous activity and sports/exercise activity from baseline to post-intervention were then 
calculated and categorized as decrease (referent) vs. maintain/increase.  Total hours spent 
engaged in sedentary behaviors were also be calculated and categorized as increase 
(reference) vs. maintain/decrease. 
Validity of Exposure Assessment 
 
The PPAQ has been validated in a population of women attending prenatal care at 
Baystate Medical Center.  Intraclass correlation coefficients for reproducibility were 0.82 
for moderate activity, 0.81 for vigorous activity and 0.83 for sports/exercise activity.  
When compared against minutes per day of moderate-vigorous activity as measured 
through actigraph data, classifying average counts per minute of data as moderate-
vigorous versus sedentary-light using three separate cut-points, Spearman correlation 
coefficients ranged from 0.20-0.49 for moderate activity, 0.25-0.34 for vigorous activity 
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and 0.30-0.44 for sports/exercise (54).  Although the correlation coefficients suggest 
moderate agreement, the PPAQ and Actigraph are intended to capture different measures 
of exercise, with the PPAQ, as a frequency questionnaire, intended to capture average 
activity over a given trimester, and the Actigraph intended to measure activity over a 
short time period.   
Outcome Assessment 
The outcome of interest is GWG, which will be evaluated as both total weight 
gain (in pounds) during pregnancy and rate of weight gain (in pounds per week) during 
the second and third trimesters of pregnancy.  Total weight gain during pregnancy will be 
calculated as the difference between weight at delivery, as abstracted from medical 
records, and self-reported pre-pregnancy weight.   Rate of GWG during the second and 
third trimesters will be calculated using the change in weight from the first prenatal care 
visit in the second trimester to delivery weight divided by the difference in gestational 
age (in weeks) between the first prenatal care visit in the second trimester and delivery.  
Weight and gestational age at each prenatal care visit will be abstracted from medical 
records. 
The second outcome of interest is meeting IOM guidelines. Meeting IOM 
guidelines for total GWG will be defined as a 3-level outcome variable: inadequate, 
adequate, or excessive total weight gain during pregnancy. Similarly, meeting IOM 
guidelines for rate of weight gain during the second and third trimesters of pregnancy will 
be defined as a 3 level variables: inadequate, adequate, or excessive rate of GWG during 
the 2
nd
 and 3
rd
 trimesters (84).  The IOM guidelines are dependent on pre-pregnancy 
BMI.  For total weight gain during pregnancy, recommendations for ideal weight gain 
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ranges are: 28-40 lbs for women with BMIs less than 18.5 kg/m
2
, 25-35 lbs for women 
with BMIs from 18.5-<25 kg/m
2
, 15-25 lbs for women with BMIs from 25-<30 kg/m
2
 
and 11-20 lbs for women with BMIs ≥30 kg/m2.  For rate of weight gain during the 
second and third trimesters of pregnancy, recommendations for ideal ranges for rate of 
weight gain are: 1 lbs/week (range 1-1.3 lbs/week) for women with BMIs less than 18.5 
kg/m
2
, 1 lbs/week (range 0.8-1 lbs/week) for women with BMIs from 18.5-<25 kg/m
2
, 
0.6 lbs/week (range 0.5-0.7 lbs/week) for women with BMIs from 25-<30 kg/m
2
 and 0.5 
lbs/week (range 0.4-0.6 lbs/week) for women with BMIs ≥30 kg/m2 (84).   
Validity of Outcome Assessment 
 Weights abstracted from prenatal care records are recorded as a normal 
component of care at Baystate Medical Center and are taken by medical staff with no 
knowledge of study group assignment and are assumed to be recorded with low error.  
The validity of self-reported pre-pregnancy weight has been shown to be high, especially 
if collected early in pregnancy (122-124).  A recent validation study by Phelan et al., 
found a strong correlation (0.95, p = <0.001) between self-reported pre-pregnancy weight 
and physician measured weight from the year before pregnancy with a mean discrepancy 
of 0.5 ± 3.0 kg and no significant (P = 0.64) differences between normal weight and 
overweight/obese subjects. (r=0.95) (125).    
Shin et al. conducted a study of the validity of self-reported pre-pregnancy 
weight, comparing self-reported weight to imputed data derived from early pregnancy 
weight as recorded in medical records and data from a similar population with clinical 
measures both pre-pregnancy and during early pregnancy (126).  The correlation between 
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self-reported pre-pregnancy weight and imputed pre-pregnancy weight was r=0.98 
(p<0.001), with Cohen’s kappa=0.78 (126).    
The current IOM guidelines for total weight gain during pregnancy and rate of 
weight gain in the second and third trimesters were developed by a committee consisting 
of members of the Food and Nutrition Board of the IOM and the Board on Children, 
Youth and Families in the Division of Behavioral and Social Sciences and Education of 
the National Research Council (84).  The committee reviewed the body of 
epidemiological research pertaining to the association between GWG and maternal and 
infant outcomes, and revised the previous IOM guidelines established in 1990 to take into 
account new research (84).  Studies assessing the IOM guidelines have suggested 
associations between exceeding the guidelines and an increased risk of hypertensive 
disorders of pregnancy, cesarean section and macrosomia (127-129), as well as an 
association between not achieving guidelines and small for gestational age (128, 130).  
Covariate Assessment 
 
Sociodemographic factors, including ethnicity, education, annual household 
income and marital status, and health behaviors, including alcohol and tobacco use both 
pre-pregnancy and during early pregnancy, were assessed through a structured 
questionnaire given at recruitment.  Information on other types (occupational, household 
and transportation) and intensities (vigorous, moderate, light and sedentary) of physical 
activity were also assessed using the PPAQ. 
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Data Analysis 
Aim 1: Study Group and Gestational Weight Gain 
Specific Aim 1: To evaluate the efficacy of a 12-week exercise intervention as 
compared to a health and wellness intervention on GWG and meeting recommended 
guidelines for GWG among high-risk prenatal care patients. 
Univariate Analysis: Descriptive analyses will be conducted to summarize 
demographic variables, exposure groups and outcome groups.  Numbers and frequencies 
will be calculated for categorical variables and means and standard deviations for 
continuous variables (Tables 1-3). 
Bivariate Analysis: Bivariate analyses will cross-tabulate baseline characteristics 
across the intervention and health and wellness groups (Table 3) as well as by outcome 
group (Table 4-7) (total weight gain during pregnancy, rate of weight gain in the second 
trimester, third trimester and second and third trimester combined, meeting IOM 
guidelines for total weight gain and rate of weight gain in the second and third trimester 
combined) using Student’s t test for continuous variables and Pearson’s chi square or 
Fisher’s exact test for categorical variables.   
All analyses of the impact of the intervention will be conducted as intent to treat.  
To account for the multi-level outcome of meeting IOM guidelines (inadequate, adequate 
and excessive GWG), multinomial logistic regression will used to assess the impact of 
the intervention on meeting IOM guidelines for total weight gain and rate of weight gain.  
Linear regression will be used to assess the impact of the intervention on total weight 
gain and rate of weight gain as continuous variables (Table 8). 
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Multivariate Analysis: To test for imbalance by study group assignment, any 
covariates which vary significantly by study group, as assessed through chi-square tests 
as outlined above, will be tested for significance in the models for total GWG, rate of 
GWG and meeting IOM guidelines for total GWG and rate of GWG.  Any covariate that 
results in a 10% or greater change in the main effect estimate will included in the final 
model (Table 9). 
Age (<30 years, ≥30 years), ethnicity (Hispanic, non-Hispanic), pre-pregnancy 
BMI (<30 kg/m
2, ≥30 kg/m2) and parity will be evaluated as effect modifiers by 
including interaction terms in multivariable logistic and multivariable linear regression 
models.  For any potential effect modifiers that result in a significant likelihood ratio test 
or partial f-test for the full versus reduced model, the results will also be stratified by 
levels of the effect modifier (Tables 10-12).  
 
Aim 2: Self-Reported Physical Activity and Gestational Weight Gain 
Specific Aim 2: To evaluate the impact of self-reported physical activity (i.e., 
moderate-vigorous intensity physical activity and sports/exercise activity) on GWG and 
meeting recommended guidelines for GWG among high-risk prenatal care patients. 
Univariate Analysis: Descriptive analyses will be conducted as under specific aim 
1.  Numbers and frequencies will be calculated for categorical variables and means and 
standard deviations for continuous variables (Tables 1-3). 
Bivariate Analysis: Bivariate analyses will be used to cross-tabulate baseline 
characteristics by top versus lower quartile of baseline and post-intervention 
moderate/vigorous and sports/exercise activity and change in moderate/vigorous and 
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sports/exercise activity from baseline to post-intervention (Table 13-16) as well as by 
outcome group as described for aim 1 (Tables 4-7) using Student’s t test for continuous 
variables and Pearson’s chi square or Fisher’s exact test for categorical variables.   
To account for the multi-level outcome of meeting IOM guidelines (inadequate, 
adequate and excessive GWG), multinomial logistic regression will be used to conduct an 
initial unadjusted analysis of the association between baseline and post-intervention 
physical activity, as well as change in physical activity, and odds of meeting IOM 
guidelines for total weight gain during pregnancy and meeting IOM guidelines for rate of 
weight gain in 2
nd
 and 3
rd
 trimesters.  Linear regression will be used to conduct an initial 
unadjusted analysis of the association between change in moderate/vigorous and 
sports/exercise activity and total weight gain during pregnancy and rate of weight gain in 
2
nd
 and 3
rd
 trimesters as continuous variables (Tables 17+18). 
Multivariable Analysis: Multivariable analyses will be conducted to assess the 
impact of baseline, post-intervention and change in physical activity over the course of 
the intervention on meeting IOM guidelines, as well as total weight gain during 
pregnancy, and rate of weight gain.  This analysis will be adjusted for potential 
confounding factors, and all factors resulting in a change in more than 10% of the 
physical activity effect estimate will be retained in the final model (Tables 19+20).  
Models including post-intervention activity or change in activity over the course of the 
intervention will by default be adjusted for baseline physical activity. 
Age (<30 years, ≥30 years), ethnicity (Hispanic, non-Hispanic), pre-pregnancy 
BMI (<30 kg/m
2, ≥30 kg/m2) and parity will be evaluated as effect modifiers by 
including interaction terms in multiple logistic and multiple linear regression models.  
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For any potential effect modifiers that result in a significant likelihood ratio test for the 
full versus reduced model, the results will be stratified by levels of the effect modifier. 
 
Aim 3: Sedentary Behavior and Gestational Weight Gain 
Specific Aim 3: To evaluate the impact of self-reported sedentary behavior on 
GWG and meeting recommended guidelines for GWG among high-risk prenatal care 
patients. 
Univariate Analysis: Descriptive analyses will be conducted as under specific aim 
1.  Numbers and frequencies will be calculated for categorical variables and means and 
standard deviations for continuous variables (Tables 1-3). 
Bivariate Analysis: Bivariate analyses will be used to cross-tabulate baseline 
characteristics by lower versus top three quartiles of baseline and post-intervention 
sedentary behavior and change in sedentary behavior from pre- to post-intervention 
(Table 21+22) as well as by outcome group as described for aim 1 (Tables 4-7) using 
Student’s t test for continuous variables and Pearson’s chi square or Fisher’s exact test for 
categorical variables.   
To account for the multi-level outcome of meeting IOM guidelines (inadequate, 
adequate and excessive GWG), multinomial logistic regression will be used to conduct an 
initial unadjusted analysis of the association between baseline and post-intervention 
sedentary behavior, as well as change in sedentary behavior, and odds of meeting IOM 
guidelines for total weight gain during pregnancy and meeting IOM guidelines for rate of 
weight gain in 2
nd
 and 3
rd
 trimesters.  Linear regression will be used to conduct an initial 
unadjusted analysis of the association between baseline sedentary behavior, post-
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intervention sedentary behavior and change in sedentary behavior and total weight gain 
during pregnancy and rate of weight gain in 2
nd
 and 3
rd
 trimesters as continuous variables 
(Table 23). 
Multivariate Analysis: Multivariable adjusted analyses will be conducted to assess 
the impact of baseline and post-intervention sedentary behavior and change in sedentary 
behavior over the course of the intervention on meeting IOM guidelines, as well as total 
weight gain during pregnancy, and rate of weight gain.  This analysis will be adjusted for 
potential confounding factors, and all factors resulting in a change in more than 10% of 
the main effect estimate will be included in the final model (Table 24).   Models 
including post-intervention or change in sedentary behavior will by default adjust for 
baseline sedentary behavior. 
Age (<30 years, ≥30 years), ethnicity (Hispanic, non-Hispanic), pre-pregnancy 
BMI (<30 kg/m
2, ≥30 kg/m2) and parity will be evaluated as effect modifiers by 
including interaction terms in multiple logistic and multiple linear regression models.  
For any potential effect modifiers that result in a significant likelihood ratio test for the 
full versus reduced model, the results will be stratified by levels of the effect modifier. 
 
Power and Sample Size 
A total of 290 women were initially randomized into the B.A.B.Y. Study.  Of 
those who enrolled, based on data from the 2010 survey by the Pregnancy Nutritional 
Surveillance System, we expect 48% to have excessive GWG and 21.5% to have 
inadequate GWG according to IOM guidelines (85).  Given an expected loss to follow-up 
of 15%, the average loss to follow-up in a similar randomized controlled trial conducted 
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by Luoto et al. (41), we expect a final study population of 246, with 118 women 
exceeding, 75 meeting and 53 not achieving IOM guidelines.  In this study population, 
with a ratio of 1:1 in the exercise group as compared to the health and wellness group, the 
power to detect a range of odds ratios for exceeding versus meeting IOM guidelines, as 
well as for not achieving versus meeting IOM guidelines are presented in table 25, 
assuming a 0.05 two-sided significance level.   
In a randomized control trial of a dietary intervention conducted by Asbee et al. in 
a similar population in the United States, women in the control group had an average 
GWG of 35.6±15.5 lbs (131).  Given the above 1:1 ratio of exposed to unexposed, the 
power to detect a range of mean differences in GWG is presented in table 26.  This study 
has more than 80% power to detect a reduction in total GWG of 6 pounds, which, given 
the estimate of average GWG of 35.6 lbs from Asbee et al, would result in an average 
GWG of 29.6 in the intervention group. 
 Based on an expected 1:2 ratio of participants who increase/maintain verses 
decrease their moderate/vigorous and sports/exercise activity, the power to detect a range 
of odds of exceeding IOM guidelines versus meeting IOM guidelines and not achieving 
IOM guidelines versus meeting IOM guidelines for those increasing/maintaining their 
activity versus those decreasing their activity is presented in table 27.  The power to 
detect a range of mean differences in GWG for those who increase/maintain versus 
decrease their activity is presented in table 28.  Similarly, assuming a 1:2 ratio of 
participants who decrease/maintain versus increase their sedentary behavior, the power to 
detect a range of odds of exceeding IOM guidelines versus meeting IOM guidelines and 
not achieving IOM guidelines versus meeting IOM guidelines is presented in table 27 and 
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the power to detect a range of mean differences in GWG for those who decrease/maintain 
versus increase their activity is presented in table 28.   
Results 
Study Population Characteristics 
 
 Of the 488 participants initially enrolled in the study, 290 met study inclusion 
criteria and were randomized into the exercise or health and wellness groups.  After 
randomization, participants were additionally excluded from the final analysis if they had 
medical contraindications to exercise, experienced a miscarriage/termination of 
pregnancy or were missing data on delivery weight, leaving a final study group for 
analysis of 241 participants (Figure 1). 
A total of 49.4% of participants were randomized into the exercise group and 
50.6% into the control group.  At baseline, median sports/exercise activity was 4.4 (IQR 
0.4, 11.9) MET-hrs/wk and median moderate-vigorous activity was 65.7 (IQR 28.2, 
128.5) MET-hrs/wk (Table 1, Figure 2).  Sports/exercise increased from baseline to post-
intervention in the exercise group (median= 4.8; IQR: 0.0, 13.5 MET-hrs/wk) and 
remained unchanged for moderate-vigorous activity (median = 0; IQR: -4.3, 3.6 MET-
hrs/wk).  Moderate/vigorous activity decreased slightly in the exercise group (median = -
1.2; IQR -51.2, 32.4 MET-hrs/wk) and decreased in the health and wellness group 
(median = -18.6; IQR: -66.2, 5.3) (Table 1, Figure 2)   
Average total GWG was 30.5 (SD 20.0) lbs.  Only 16.2% of participants met the 
IOM guidelines for adequate total GWG; 16.6% had inadequate weight gain and 67.2% 
had excessive weight gain.  The average rate of GWG during the second and third 
trimester was 0.95 (SD 0.62) lb/wk. Only 10.4% of participants met IOM guidelines for 
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adequate rate of GWG, while 19.8% were classified as inadequate and 69.8% as 
excessive (Table 2). 
The majority of study participants were young (49.4% less than 25 years), 
Hispanic (61.0 %), low-income (54.4% with household incomes less than $30,000/year) 
and with low to moderate levels of educational attainment (54.3% did not receive 
education beyond high school).  Most participants reported living with a partner (58.9%) 
and one-quarter were married (25.3%).  The majority of participants were parous (72.2%) 
and overweight (35.3%) or obese (61.8%).  One-tenth had a history of GDM in a prior 
pregnancy (9.5%), and the majority had a family history of type 2 diabetes in a first-
degree relative (93.0%) (Table 3). 
 
Aim 1: Study Group and Gestational Weight Gain 
Covariates were balanced across study group with the exception of parity and 
personal history of GDM.  Participants in the exercise group were less likely to be parous 
(parity: 65.6% in exercise group vs. 78.7% in health and wellness group; p=0.010) and 
less likely to have a personal history of GDM (history of GDM: 5.0% in exercise group 
vs. 13.9% in health and wellness group; p=0.020) (Table 3). 
 Only parity, pre-pregnancy BMI and number of children in the household were 
significantly and negatively associated with total GWG (Table 4). In terms of rate of 
GWG in the second and third trimesters, age, parity, pre-pregnancy BMI and having 
children in the household were significantly and negatively correlated with rate of GWG 
(Table 5).  Participants who were older, parous and had a higher pre-pregnancy BMI 
were significantly more likely to not achieve vs. achieve IOM guidelines for total GWG, 
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or achieve vs. exceed IOM guidelines for total GWG (Table 6).  Participants who were 
older, had more children in the household and were parous were significantly more likely 
to not achieve vs. achieve IOM guidelines for rate of GWG or achieve vs. exceed IOM 
guidelines for rate of GWG (Table 7). 
 The exercise group had a slightly lower total GWG (β -0.79, SE 2.59, p=0.759) as 
compared to the health and wellness group, although these results were non-significant.  
The exercise group also had a lower odds of inadequate (OR 0.70, 95% CI 0.29, 1.70) 
and excessive (OR 0.72, 95% CI 0.36, 1.45) total GWG as compared to the health and 
wellness group, although these findings were again not statistically significant (Table 8).  
The observed difference in direction of effect for total GWG and rate of GWG may be 
related to the difference in how the variables are measured, with total GWG utilizing self-
reported pre-pregnancy weight and rate of GWG utilizing early 2
nd
  and 3
rd
 trimester 
clinical weight measures.  Some participates were also excluded from the analysis of rate 
of GWG due to missing clinical weight measures, meaning that the study groups for total 
GWG and rate of GWG are not perfectly comparable.  Adjusting for parity and personal 
history of GDM did not meaningfully alter these associations (Table 9). 
Pre-pregnancy BMI and parity were significant effect modifiers of the 
relationship between study group and rate of GWG (p=0.001 and p<0.001, respectively).  
None of the stratified results yielded significant findings, and sample sizes for several of 
the stratified groups were small.  No discernable trend by stratification of the effect 
modifiers was observed (Tables 10-12). 
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Additionally, age (<30 years, ≥30 years), ethnicity (Hispanic, non-Hispanic), pre-
pregnancy BMI (<30 kg/m
2, ≥30 kg/m2) and parity were not significant effect modifiers 
of the relationship between study group assignment and GWG. 
 
Aim 2: Self-Reported Physical Activity and Gestational Weight Gain 
None of the covariates were significantly associated with self-reported 
sports/exercise activity, except for age.  Those aged 20-29 were more likely to have more 
post-intervention sports/exercise activity compared to those younger than 20 or 30 or 
older, although the association was not linear (Tables 13-14).  No covariates were 
significantly associated with baseline or post-intervention moderate-vigorous activity, 
although having a higher household income and being married were significantly 
inversely associated with moderate-vigorous activity during pregnancy (Tables 15-16).  
We note that 23% of the women did not report income status.  
In unadjusted analyses, there was the suggestion that women with high post-
intervention moderate-vigorous self-reported activity during pregnancy had a lower total 
GWG, but these findings were not statistically significant.  There was no apparent 
association between baseline moderate-vigorous activity, baseline sports/exercise activity 
or post-intervention sports/exercise activity and total GWG, or between change in 
sports/exercise or moderate-vigorous activity and total GWG (Tables 17+18). There was 
also the suggestion that women with self-report of high post-intervention sports/exercise 
activity were more likely to meet IOM guidelines for adequate total GWG, but these 
findings were not statistically significant.  There was no apparent association between 
baseline or change in sports/exercise activity and meeting IOM guidelines for total GWG, 
 126 
or between any measure of moderate-vigorous activity and meeting IOM guidelines for 
total GWG (Tables 17+18).   Additionally, there was no apparent association between 
any measures of sports/exercise or moderate-vigorous activity and rate of GWG or 
meeting IOM guidelines for rate of GWG (Tables 17 and 18).   
Multivariable analyses were adjusted for age (continuous), parity (parous vs. 
nulliparous), BMI (continuous) and household income (<$15,000, ≥$15,000, and 
missing). For analyses of post-intervention activity and change in activity, we also 
adjusted for baseline activity levels.  Similar to the unadjusted analyses, women with 
high levels of post-intervention sports/exercise or who increased their sports/exercise 
activity during pregnancy had a 2 lb lower total GWG (β -2.37, SE 3.36, p=0.483 and β -
2.28, SE 3.39, p=0.501, respectively) as compared to women with lower levels, although 
the results were non-significant (Table 19).  Again, similar to the unadjusted analysis, 
women with high levels of moderate-vigorous activity post-intervention had lower total 
GWG (β -2.40, SE 3.77, p=0.526) as compared to women with lower levels, although the 
results were non-significant (Table 20).  Similar to the unadjusted findings, there were no 
significant associations between sports/exercise or moderate-vigorous activity and rate of 
GWG or meeting IOM guidelines in multivariable analyses (Tables 19 and 20) although 
the direction of effect was similar. Additionally, age (<30 years, ≥30 years), ethnicity 
(Hispanic, non-Hispanic), pre-pregnancy BMI (<30 kg/m
2, ≥30 kg/m2) and parity were 
not significant effect modifiers of the relationship between self-reported physical activity 
and GWG. 
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Aim 3: Sedentary Behavior and Gestational Weight Gain 
None of the covariates were significantly related to sedentary behavior (Tables 21 
and 22).  In unadjusted models, low levels of sedentary activity at baseline and post-
intervention were not significantly associated with total or rate of GWG (Table 23).  
Similarly, in the multivariable models there were no significant findings and no pattern of 
association between sedentary behavior and total or rate of GWG was discernable (Table 
24).    Additionally, age (<30 years, ≥30 years), ethnicity (Hispanic, non-Hispanic), pre-
pregnancy BMI (<30 kg/m
2, ≥30 kg/m2) and parity were not significant effect modifiers 
of the relationship between self-reported sedentary behavior and GWG. 
 
Discussion 
Summary of Findings 
In this randomized trial of a prenatal exercise intervention among an ethnically 
diverse population, we observed that the exercise arm had lower total GWG 
(approximately 0.8 lbs) and a reduced odds of inadequate and excessive total GWG as 
compared to the health and wellness arm, although these findings were not statistically 
significant. We did not observe a significant association between intervention arm and 
rate of GWG or meeting IOM guidelines for rate of GWG.   
We observed similar associations between self-reported change in exercise and 
sedentary behavior and total GWG and rate of GWG. Specifically, women with high 
levels of post-intervention sports/exercise activity (≥14.5 MET-hrs/wk), moderate-
vigorous activity (≥105.4 MET-hrs/wk), or who increased these activities during 
pregnancy had lower total GWG (approximately 2 lbs) as compared to women with lower 
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levels, although these results were not statistically-significant.  Similarly, participants 
with high levels of post-intervention sports/exercise activity had a lower rate of GWG 
(0.1 lb/wk for 2
nd
 and 3
rd
 trimesters) as compared to women with lower levels, although 
these results again were non-significant.  
While our findings that women in the exercise arm had a lower total GWG but, at 
the same time, a reduced risk of inadequate weight gain may appear contradictory, there 
are several possible explanations. First, each of these outcome variables relies upon 
different information. Specifically, total GWG is based upon self-reported pre-pregnancy 
weight, while rate of GWG is based upon clinically measured weight at approximately 13 
weeks gestation.  This variation in how data is collected could lead to variability in the 
direction of the effect estimates, particularly given that the values are close to null.   
Second, it is notable that after adjusting for parity and personal history of GDM, 
the exercise group had a non-significantly lower rate of GWG (approximately 0.01 lb/wk 
for 2
nd
  and 3
rd
 trimesters).  This may suggest that being nulliparous and/or not having 
GDM in a prior pregnancy (and therefore also having a lower likelihood of being parous) 
may be associated with a greater relative rate of GWG in the second and third trimesters 
as compared to the first trimester, and adjusting for these factors which were significantly 
more common in the experimental group may have removed this potential source of 
confounding.   
Third, all of the continuous associations for total GWG and rate of GWG are non-
significant, and therefore even minor effects of confounding, misclassification and 
chance patterns of associations between variables would more easily lead to changes in 
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the direction of association between variables as would be observed for associations that 
are significant and therefore more robust.  
Results from a study investigating the adherence of the exercise group to the 
intervention content have been previously published (Hawkins, 2014).  These findings 
demonstrate that participants in the exercise group had a significantly greater increase in 
sports/exercise activity during the intervention as compared to participants in the health 
and wellness group (0.3±9.8 and 5.3±11.4 MET-hrs/wk, respectively, p=0.002), as that 
participants in the exercise group also had a smaller decrease in moderate-vigorous 
activity during the intervention as compared to participants in the health and wellness 
group (-30.6± and -10.6± MET-hrs/wk, respectively, p=0.09), although this finding was 
not significant.  Participants in the exercise intervention were also twice as likely to meet 
ACOG guidelines for exercise during pregnancy as compared to participants in the health 
and wellness group (OR 2.1, 95% CI 1.5, 3.1).  These findings support the effectiveness 
of the intervention in promoting sports/exercise activity during pregnancy, lessening the 
concern for the impact on non-adherence on study results. 
Consistency with Prior Literature 
 Our finding of a lower total GWG with participation in an exercise intervention, 
albeit not statistically significant, is consistent with the results from two recent meta-
analyses looking at this association.  In a meta-analysis of 14 exercise interventions 
published between 1976 and 2011 by Thangaratinam et al., the authors found that 
participation in an exercise intervention was associated with an average reduction of 0.72 
kg (95% CI 0.25-1.02) (i.e., 1.6 lbs) in total GWG (97).  A second meta-analysis 
published by Streuling et al., included 12 exercise interventions published between 1983 
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and 2009. The authors found a similar reduction in GWG of 0.61 kg (95% CI 0.06-1.17) 
(i.e., 1.3 lbs) (98).  Only 4 studies published in the last 10 years found a significant 
association between an exercise intervention and GWG (105-108). Of these studies, 2 
employed supervised group aerobic exercise sessions and 2 employed non-supervised 
walking interventions requiring regular monitoring.  Three of the 4 studies also included 
350 or more participants (105-108).  The significant findings in these studies were likely 
a result of relatively large sample sizes in combination with the use of supervised 
exercise programs which may be associated with greater adherence.   
In a prior study most similar to our design, Renault et al. randomized 425 obese 
(≥30 kg/m2) participants in Copenhagen to a home-based intervention or to standard care 
(107).  The home-based intervention consisted of walking intervention with a goal of 
11,000 steps per day, with pedometer data regularly monitored by study staff to gauge 
adherence.  Although only 55% of participants returned forms logging their data, their 
average step count at 13 and 21 weeks gestation was over 8,500 steps per day (which 
dropped to below 6,000 steps per day at 37 weeks).  Assuming approximately 2,000 steps 
in a mile and walking speed of 2.5 miles/hr, 8,500 steps per day translates to 5.1 MET-
hrs/day, or 35.7 MET-hrs/wk.  It should be noted that no data on step count was available 
for the comparison group, so the magnitude of the difference between groups could not 
be assessed.  Median GWG was significantly lower in the intervention group as 
compared to standard care (9.4 vs. 10.9, respectively, p=0.042) (107).  This study 
provides support for the potential efficacy of home-based walking interventions in 
lowering total GWG among women at high risk for excessive GWG, and suggests that a 
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larger sample size and regular monitoring of activity levels to help promote adequate 
adherence may be needed to ensure appropriate power to detect changes in total GWG.    
Physiologic Mechanisms 
 Exercise may influence GWG through its effect on energy balance, the net sum of 
energy intake and energy expenditure.  As body weight is thought to be maintained when 
energy intake and energy expenditure are equal (115), increasing energy expenditure may 
reduce the rate of GWG, leading to a lower total GWG and a lower risk of exceeding the 
IOM guidelines for GWG. Exercise is the most variable component of energy 
expenditure (115), and therefore represents an important intervention point to reduce the 
risk of excessive GWG. 
Limitations 
 There are several limitations that may have affected this study.  First, non-
differential misclassification may have entered the study in several ways.  For assignment 
to study group, non-differential misclassification of exposure is highly unlikely to have 
occurred.  If study group assignment was incorrectly recorded or the incorrect follow-up 
content provided for a participant, this would bias the results towards the null.  In looking 
at the association between self-reported exercise and sedentary behavior and GWG 
during pregnancy, non-differential misclassification of exposure is likely.  Study 
participants self-reported their exercise at baseline and post-intervention, completing a 
33-item questionnaire asking about the frequency of various types of exercise and 
inactivity.  Both over- and under-reporting are possible, as participants may have 
experienced difficulty accurately determining their average time engaged in each type of 
activity, may report the same activity for more than one question, may not report an 
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activity if they felt it was not captured in the questionnaire or may over-report activity 
and under-report inactivity due to the perceived social desirability of responses.  As this 
misreporting is expected to be non-differential with respect to outcome, it will result in a 
bias towards the null.   This bias was likely minimized by the use of a questionnaire that 
was developed for and validated in the population in which the present study was 
conducted.   
Non-differential misclassification may have also entered the study in the 
assessment of GWG.  GWG was calculated from both clinical records of weight at 
prenatal care visits and self-reported pre-pregnancy weight.  Errors in reporting or 
measurement of weight at prenatal care visits are expected to be minimal. There is likely 
to be misreporting of pre-pregnancy weight, as participants may not know their pre-
pregnancy weight, may not remember their pre-pregnancy weight or may misreport their 
weight for other reasons.  Any misreporting of pre-pregnancy weight that is non-
differential in relation to GWG will bias the results towards the null.  As self-reported 
pre-pregnancy weight has been shown to be highly correlated with imputed pre-
pregnancy weight derived from objective measures of early-pregnancy weight (126), this 
potential impact of this misreporting is likely to be small.  Additionally, the majority of 
previous randomized controlled trials have also measured GWG using self-reported pre-
pregnancy weight (the IOM defines total GWG as the difference between weight at 
delivery and pre-pregnancy weight) as an objective measure of recent pre-pregnancy 
weight is likely to be unavailable, even when clinical records can be accessed. 
Second, selection bias may have been introduced through loss to follow-up in the 
main aim looking at the association between study group assignment and GWG, and 
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through both loss to follow-up and differential selection into the study based on both 
physical activity/sedentary behavior and factors leading to differences in GWG in the 
analyses looking at the associations between physical activity/sedentary behavior and 
GWG.  In the main aim looking at the association between study group assignment and 
GWG, differential loss to follow-by both study group assignment and GWG may have 
occurred if, for example, participants in the exercise intervention who had young children 
at home were more likely to withdraw from the exercise group due to perceived burden 
of the intervention and also have a lower total GWG due to increased activity related to 
caring for young children.  In this scenario, the results would be biased towards the null, 
as the exercise group would lose those who had higher levels of activity related to 
caregiving and therefore a lower total GWG.  This and other scenarios are unlikely, 
however, due to the fact that an intent-to-treat analysis was used, which only excluded 
participants who had medical contraindications to exercise, experienced a 
miscarriage/termination of pregnancy or who were missing clinical records on delivery 
weight. 
In looking at the association between self-reported physical activity/sedentary 
behavior and GWG, it is possible that participants may be included differentially based 
on factors related to both their change in physical activity during pregnancy and their 
total GWG.  For example, women who were more health-conscious may have been more 
likely to agree to participant in a randomized trial during pregnancy.  Women who were 
more health-conscious may also have been more likely to both increase or maintain their 
physical activity levels during pregnancy and take steps to try to fall within the 
recommended guidelines for GWG.  Including a higher proportion of participants who 
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are both more likely to increase their physical activity and take steps to meet guidelines 
for GWG may exaggerate the association between increased physical activity and a 
reduction in GWG.  Although it is possible that this may occur in the study, the effect is 
expected to be minimal, as the intervention was individually-tailored and designed to 
require low resources from participants, reducing the likelihood that participants would 
view the intervention as being overly burdensome and therefore decline participation. 
Third, it is possible that information bias may have been introduced in this study, 
although it is expected to be minimal, as all outcome data abstracted from clinical records 
was collected by staff at Baystate Medical center who were blinded to participants’ study 
assignment (for the association between study group and GWG) and blinded to their 
recorded exercise (for the association between self-reported physical activity/sedentary 
behavior and GWG).  For self-reported pre-pregnancy weight, it is possible that women 
may differentially report their pre-pregnancy weight based on factors related to their 
current physical activity level.  For example, if participants who exercised less were more 
likely to under-report their pre-pregnancy BMI (and thereby have a higher calculated 
total GWG), this would exaggerate the association between higher levels of exercise and 
a lower total GWG, biasing the results for the continuous measures of GWG away from 
the null.  This would also lead to an over-estimate of the proportion of participants with 
inadequate versus adequate GWG and with adequate vs. excessive GWG.  This potential 
source of information bias is likely to be small, as self-reported pre-pregnancy weight has 
been demonstrated to be strongly correlated with early-pregnancy weight from medical 
records (126).   
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Fourth, confounding may be an issue in this study.  In looking at the association 
between study group and GWG, although randomization asymptotically results in the 
balance of both known and unknown confounders between groups, the relatively small 
sample size of the study may result in some imbalance of covariates by study group. 
Indeed, parity and personal history of GDM were found to be imbalanced by study group, 
although adjusting for these factors in multivariable analysis did not meaningfully alter 
the effect estimates between study group and measures of GWG.   
Confounding is more likely to have occurred when looking at the association 
between self-reported physical activity/sedentary behavior and GWG.  Women who 
increase their exercise or who have decreases in sedentary activity during pregnancy may 
be more likely to engage in other health behaviors associated with a reduced risk of 
GWG, including eating a healthy diet.  If women who increase their exercise during the 
study period also were more likely to eat a healthy diet due to a general predisposition 
towards health-consciousness, the association between a healthy diet and a reduced risk 
of excessive GWG may lead to an overestimate of the relationship between increases in 
exercise and risk of excessive GWG.  To reduce the impact of confounding on the 
estimate of the association between change in exercise and sedentary activity on risk of 
excessive GWG, all analyses were adjusted for baseline characteristics, including age, 
parity, pre-pregnancy BMI and household income for physical activity and GWG, and 
age, marital status, parity, pre-pregnancy BMI and pre-pregnancy smoking for sedentary 
behavior. 
 It is unclear whether the results from this study will be generalizable to all 
pregnant women.   While there is little evidence to suggest that the physiologic effect of 
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exercise on GWG vary by race/ethnicity, the efficacy of the intervention in changing 
exercise levels may vary by many factors, including psychosocial factors that may be 
linked to demographic measures, such as race/ethnicity.  However, this study was likely 
underpowered to explore these potential sub-group differences in adherence to the 
intervention content..  This concern for lack of generalizability highlights the importance 
of conducting future studies among diverse study groups, particularly studies that are 
powered to investigate these potential sub-group differences.   
Conclusions 
This study found that pregnant women participating in an exercise intervention 
during pregnancy had no statistically significant differences in total GWG or rate of 
GWG, or in meeting IOM guidelines for total GWG or rate of GWG, as compared to 
women participating in a comparison health and wellness intervention.  These results are 
consistent with the lack of significant findings for home-based exercise interventions, 
which may be related to a greater potential for non-adherence.  More research is needed 
in this area, particularly studies that are tailored to diverse populations, that include 
strategies to promote and foster adherence and studies that utilize evolving technology to 
provide an objective measure of volume of physical activity, to better evaluate how much 
compliance to intervention content may have limited the ability to detect a physiological 
association between change in exercise, as induced by participation in an intervention, 
and change in GWG.  .  Additionally, a focus on studies that are readily adaptable to 
clinical setting is important in linking this body of research to practice.   
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Significance 
This study adds to the existing evidence looking at interventions promoting 
exercise during pregnancy and a reduction in excessive GWG.  This study was set in a 
population at high risk for GDM and other pregnancy complications, a group in which 
reducing excessive GWG, which has been shown to be associated with GDM and other 
pregnancy complications, may be particularly vital. This study also utilized an 
intervention that was readily adaptable to clinical settings and that was tailored to 
participants’ lifestyles and preferences for type of exercise.  Although the findings of this 
study were null, more research should be conducted investigated whether the 
effectiveness of this intervention type in reducing excessive GWG.   
Human Subjects Protections 
 The B.A.B.Y. Study was approved by the Institutional Review Boards of the 
University of Massachusetts Amherst and Baystate Medical Center.  Participants were 
informed of the aims of the study at the time of their first prenatal visit and, if they 
expressed interest in the study, written informed consent was obtained that contained 
information on the purpose of the study, the voluntary nature of participation, the length 
of the study, study activities, risks of participation, benefits of participation, privacy 
protections and contact information for future questions and/or concerns. 
 All study records, including completed questionnaires and data abstracted from 
medical records were maintained in locked file cabinets in a locked office.  Electronic 
files were maintained on a password-protected secure server, to which only study 
personnel had access.  All study personnel received training in privacy protocols.   
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 The risks of participation in this study were determined to be minimal, and all 
participants were carefully evaluated throughout pregnancy to ensure the safety of 
participation in a regular exercise program.  Participants who developed counter-
indications to participation in regular exercise were immediately withdrawn from the 
study and received counseling through regular medical care at Baystate Medical Center.   
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Figure 2.1. Participant Flow Chart – B.A.B.Y. Study, 2007-2012 
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Figure 2.2. Distribution of sports/exercise activity and moderate-vigorous activity at 
baseline, post-intervention and in change from baseline to post-intervention 
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Figure 2.3. Distribution of sedentary activity at baseline, post-intervention and in 
change from baseline to post-intervention 
 
 
 
 
 
 
 
Aim 1 - Intent-to-treat n %
Study group
Exercise 119 49.4
Health and Wellness 122 50.6
Aims 2+3 - Change in exercise and sedentary behavior n %
Sports/exercise activity (MET-hrs/wk)
Baseline
Quartile 4 (≥11.9) 53 24.2
Quartiles 1-3 (<11.9) 166 75.8
Post-intervention
Quartile 4 (≥14.5) 43 26.9
Quartiles 1-3 (<14.5) 117 73.1
Change from baseline to post-intervention
Maintain/increase 97 65.5
Decrease 51 34.5
Moderate-vigorous activity (MET-hrs/wk)
Baseline
Quartile 4 (≥124.5) 58 26.9
Quartiles 1-3 (<124.5) 158 73.2
Post-intervention
Quartile 4 (≥105.4) 38 23.8
Quartiles 1-3 (<105.4) 122 76.3
Change from baseline to post-intervention
Maintain/increase 59 40.1
Decrease 88 59.9
Sedentary behavior (hr/day)
Baseline
Quartile 1 (<1) 50 23.3
Quartiles 2-4 (≥1) 165 76.7
Post-intervention
Quartile 1 (<1) 29 17.9
Quartiles 2-4 (≥1) 133 82.1
Change from baseline to post-intervention
Maintain/decrease 187 77.6
Increase 54 22.4
Table 2.1. Distribution of participants by study group, exercise and sedentary 
behavior: B.A.B.Y. Study (n=241)
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Measures of gestational weight gain Mean SD
Gestational weight gain (lb)
Total pregnancy 30.5 20.0
Rate of weight gain (lb/wk)
2nd and 3rd trimesters 0.95 0.62
2nd trimester 0.92 0.70
3rd trimester 1.02 0.77
Meeting IOM guidelines
1
n %
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 40 16.6
Meeting IOM guidelies 39 16.2
Exceeding IOM guidelines 162 67.2
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 42 19.8
Meeting IOM guidelies 22 10.4
Exceeding IOM guidelines 148 69.8
2nd trimester
Not achieving IOM guidelines 45 23.8
Meeting IOM guidelies 28 14.8
Exceeding IOM guidelines 116 61.4
3rd trimester
Not achieving IOM guidelines 51 25.3
Meeting IOM guidelies 19 9.4
Exceeding IOM guidelines 132 65.4
1
IOM guidelines for total weight gain: 28-40 lb for BMI<18.5, 25-35 lb for BMI 18.5-
<25, 15-25 lb for BMI 25-<30, and 11-20 lb for BMI ≥30 kg/m2; IOM guidelines for 
rate of weight gain in 2nd and 3rd trimesters: 1 lb/wk (range 1-1.3) for BMI<18.5, 1 
lb/wk (range 0.8-1) for BMI 18.5-<25, 0.6 lb/wk (range 0.5-0.7) for BMI 25-<30, and 
0.5 lb/wk (range 0.4-0.6) for BMI≥30 kg/m2
Table 2.2. Distribution of total gestational weight gain, rate of weight gain and 
meeting Institute of Medicine (IOM) guidelines for total weight gain during 
pregnancy and rate of weight gain: B.A.B.Y. Study
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n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 25 10.4 15 12.6 10 8.2 0.306
20-24 94 39.0 49 41.2 45 36.9
25-29 58 24.1 23 19.3 35 28.7
30-40 64 26.6 32 26.9 32 26.2
Ethnicity
Hispanic 147 61.0 68 57.1 79 64.8 0.226
Non-Hispanic 94 39.0 51 42.9 43 35.3
Education
Less than high school 56 23.2 25 21.0 31 25.4 0.071
High school graduate or GED 75 31.1 33 27.7 42 34.4
Post high school 90 37.3 54 45.4 36 29.5
Missing 20 8.3 7 5.9 13 10.7
Household income
<$15,000 100 41.5 47 39.5 53 43.4 0.062
$15,000-<$30,000 31 12.9 21 17.7 10 8.2
≥$30,000 48 19.9 20 16.8 28 23.0
Don't know/refused 43 17.8 24 20.2 19 15.6
Missing 19 7.9 7 5.9 12 9.8
Marital status
Single/separated/divorced/widowed 178 73.9 86 72.3 92 75.4 0.436
Married 61 25.3 33 27.7 28 23.0
Refused 1 0.4 0 0 1 0.8
Missing 1 0.4 0 0 1 0.8
Live with Partner
Yes 142 58.9 73 61.3 69 56.6 0.704
No 80 33.2 39 32.8 41 33.6
Missing 19 7.9 7 5.9 12 9.8
Adults in household
1 57 23.7 25 21.0 32 26.2 0.512
2 115 47.7 61 51.3 54 44.3
≥3 58 24.1 30 25.2 28 23.0
Missing 11 4.6 3 2.5 8 6.6
Table 2.3. Distribution of covariates by study group: B.A.B.Y. Study (n=241)
Exercise 
Intervention 
(n=119)
Health & 
Wellness 
Intervention
(n=122)
Total
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Table 2.3, continued. Distribution of covariates by study group: B.A.B.Y. Study
n % n % n % p-value
1
Children in household
0 54 22.4 31 26.1 23 18.9 0.412
1 87 36.1 45 37.8 42 34.4
2 64 26.6 27 22.7 37 30.3
≥3 29 12.0 15 12.6 14 11.5
Missing 7 2.9 1 0.8 6 4.9
Health status and risk factors
Parity
Nulliparous 67 27.8 41 34.5 26 21.3 0.023
Parous 174 72.2 78 65.6 96 78.7
Pre-pregnancy BMI
<25 kg/m
2
7 2.9 3 2.5 4 3.3 0.141
25-<30 kg/m
2
85 35.3 35 29.4 50 41.0
30-<40 kg/m
2
149 61.8 81 68.1 68 55.7
Personal history of GDM
Yes 23 9.5 6 5.0 17 13.9 0.020
No 199 82.6 103 86.6 96 78.7
Missing 19 7.9 10 8.4 9 7.4
Family history of diabetes mellitus
Yes 224 93.0 111 93.3 113 92.6 1.000
No 3 1.2 1 0.8 2 1.6
Missing 14 5.8 7 5.9 7 5.7
Smoking pre-pregnancy
>10 cigarettes/day 18 7.5 9 7.6 9 7.4 0.939
≤10 cigarettes/day 60 24.9 29 24.4 31 25.4
No 143 59.3 73 61.3 70 57.4
Missing 20 8.3 8 6.7 12 9.8
Smoking during pregnancy
>10 cigarettes/day 3 1.2 1 0.8 2 1.6 0.771
≤10 cigarettes/day 30 12.3 16 13.5 14 11.5
No 182 75.5 89 74.8 93 76.2
Missing 26 10.8 13 10.9 13 10.7
Alcohol use pre-pregnancy
Yes 107 44.4 57 47.9 50 41.0 0.381
No 114 47.3 54 45.4 60 49.2
Missing 20 8.3 8 6.7 12 9.8
Total Exercise 
Intervention 
(n=119)
Health & 
Wellness 
Intervention
(n=122)
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Table 2.3, continued. Distribution of covariates by study group: B.A.B.Y. Study
n % n % n % p-value
1
Alcohol use during pregnancy
Yes 3 1.2 3 2.5 0 0 0.247
No 215 89.2 106 89.1 109 89.3
Missing 23 9.5 10 8.4 13 10.7
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).   Excludes 
missing values and "don't know"/"refused".
Total Exercise 
Intervention 
(n=119)
Health & 
Wellness 
Intervention
(n=122)
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n % mean SD
Demographic characteristics
Age (years)
18-19 25 10.4 37.3 18.8 0.149
20-24 94 39.0 31.8 20.0
25-29 58 24.1 29.1 22.0
30-40 64 26.6 27.2 27.2
Ethnicity
Hispanic 147 61.0 31.5 18.6 0.328
Non-Hispanic 94 39.0 28.9 22.1
Education
Less than high school 56 23.2 29.2 20.7 0.657
High school graduate or GED 75 31.1 28.8 18.8
Post high school 90 37.3 31.5 20.6
Missing 20 8.3 36.1 20.6
Household income
<$15,000 100 41.5 28.1 19.3 0.416
$15,000-<$30,000 31 12.9 30.4 20.0
≥$30,000 48 19.9 32.6 20.4
Don't know/refused 43 17.8 31.6 21.2
Missing 19 7.9 35.4 20.9
Marital status
Single/separated/divorced/widowed 178 73.9 31.1 20.6 0.427
Married 61 25.3 28.7 18.6
Refused 1 0.4 44.0 −
Missing 1 0.4 20.0 −
Live with Partner
Yes 142 58.9 30 20.2 0.956
No 80 33.2 30.2 19.7
Missing 19 7.9 35.4 20.9
Adults in household
1 57 23.7 31.8 20.0 0.648
2 115 47.7 29.2 18.9
≥3 58 24.1 31.6 22.3
Missing 11 4.6 31.8 21.9
Table 2.4. Total weight gain during pregnancy by covariates: B.A.B.Y. Study 
(n=241)
Total weight gain during pregnancy (lbs)
p-value
1
Total
(n=241)
Mean (SD)
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n % mean SD
Children in household
0 54 22.4 38.4 22.1 0.001
1 87 36.1 27.5 17.4
2 64 26.6 31.0 19.9
≥3 29 12.0 21.9 18.9
Missing 7 2.9 37.4 22.4
Health status and risk factors
Parity
Nulliparous 67 27.8 39.8 21.1 <0.001
Parous 174 72.2 26.9 18.5
Pre-pregnancy BMI
<25 kg/m
2
7 2.9 30.7 18.2 <0.001
25-<30 kg/m
2
85 35.3 37.0 20.4
30-<40 kg/m
2
149 61.8 26.8 19.1
Personal history of GDM
Yes 23 9.5 26.4 19.3 0.312
No 199 82.6 30.9 20.1
Missing 19 7.9 31.0 20.5
Family history of diabetes mellitus
Yes 224 93.0 30.6 20.0 0.756
No 3 1.2 27.0 5.0
Missing 14 5.8 29.4 23.8
Smoking pre-pregnancy
>10 cigarettes/day 18 7.5 30.3 20.9 0.207
≤10 cigarettes/day 60 24.9 33.9 23.8
No 143 59.3 28.4 18.0
Missing 20 8.3 35.2 20.4
Smoking during pregnancy
>10 cigarettes/day 3 1.2 30.3 6.8 0.626
≤10 cigarettes/day 30 12.3 33.4 27.9
No 182 75.5 29.6 18.4
Missing 26 10.8 33.1 21.5
Alcohol use pre-pregnancy
Yes 107 44.4 29.6 20.4 0.751
No 114 47.3 30.5 19.7
Missing 20 8.3 35.2 20.4
Table 2.4, continued. Total weight gain during pregnancy by covariates: 
B.A.B.Y. Study (n=241)
Total weight gain during pregnancy (lbs)
Total
(n=241)
Mean (SD)
p-value
1
148 
n % mean SD
Alcohol use during pregnancy
Yes 3 1.2 25.7 23.6 0.709
No 215 89.2 29.9 19.6
Missing 23 9.5 36.3 23.6
1
Student's t-test or ANOVA.  Excludes missing values and "don't know"/"refused".
Table 2.4, continued. Total weight gain during pregnancy by covariates: 
B.A.B.Y. Study (n=241)
Total weight gain during pregnancy (lbs)
Total
(n=241)
Mean (SD)
p-value
1
149 
n % mean SD p-value
1
n % mean SD p-value
1
n % mean SD p-value
1
Demographic characteristics
Age (years)
18-19 23 10.9 1.32 0.59 0.002 20 10.6 1.28 0.62 0.003 21 10.4 1.44 0.75 0.005
20-24 81 38.2 1.02 0.65 72 38.1 1.05 0.72 78 38.6 1.11 0.79
25-29 51 24.1 0.85 0.64 47 24.9 0.75 0.73 51 25.3 0.96 0.79
30-40 57 26.9 0.78 0.51 50 26.5 0.74 0.57 52 25.7 0.78 0.66
Ethnicity
Hispanic 132 62.3 1.00 0.59 0.139 123 65.1 0.97 0.66 0.184 131 64.9 1.06 0.72 0.292
Non-Hispanic 80 37.7 0.87 0.68 66 34.9 0.83 0.76 71 35.2 0.94 0.87
Education
Less than high school 54 25.5 0.94 0.66 0.131 48 25.4 0.92 0.79 0.264 50 24.8 1.02 0.73 0.194
High school graduate or GED 58 27.4 0.83 0.60 52 27.5 0.83 0.67 60 29.7 0.88 0.78
Post high school 83 39.2 1.05 0.64 72 38.1 1.03 0.63 75 37.1 1.13 0.84
Missing 17 8.0 0.87 0.48 17 9.0 0.71 0.74 17 8.4 1.04 0.51
Household income
<$15,000 90 42.5 0.90 0.63 0.675 85 45.0 0.86 0.64 0.284 92 45.5 0.96 0.82 0.844
$15,000-<$30,000 30 14.2 1.00 0.71 27 14.3 1.02 0.73 28 13.9 1.06 0.84
≥$30,000 37 17.5 0.97 0.54 26 13.8 1.06 0.66 29 14.4 1.02 0.65
Don't know/refused 39 18.4 1.04 0.67 35 18.5 0.98 0.79 37 18.3 1.13 0.81
Missing 16 7.6 0.87 0.50 16 8.5 0.70 0.76 16 7.9 1.05 0.52
Total  Rate
(lb/wk)
Total  Rate
(lb/wk)
Table 2.5. Rate of weight gain by covariates: B.A.B.Y. Study
2nd and 3rd trimesters (n=212) 2nd trimester (n=189) 3rd trimester (n=202)
Total  Rate
(lb/wk)
Rate of weight gain (lbs/wk)
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n % mean SD p-value
1
n % mean SD p-value
1
n % mean SD p-value
1
Marital status
Single/separated/divorced/widowed 156 73.6 0.96 0.65 0.692 145 76.7 0.90 0.71 0.682 156 77.2 1.06 0.81 0.139
Married 54 25.5 0.92 0.54 42 22.2 0.97 0.67 44 21.8 0.87 0.64
Refused 1 0.5 1.19 − 1 0.5 1.05 − 1 0.5 1.41 −
Missing 1 0.5 0.75 −  1 0.5 0.40 − 1 0.5 1.00 −
Live with Partner
Yes 125 59.0 0.93 0.64 0.476 106 56.1 0.94 0.74 0.075 113 55.9 0.97 0.78 0.313
No 71 33.5 1.00 0.62 67 35.5 0.93 0.60 73 36.1 1.09 0.81
Missing 16 7.6 0.87 0.50 16 8.5 0.70 0.76 16 7.9 1.05 0.52
Adults in household
1 49 23.1 0.96 0.61 0.693 47 24.9 0.88 0.69 0.805 51 25.3 1.05 0.79 0.885
2 103 48.6 0.93 0.60 86 25.5 0.95 0.67 91 45.1 1.00 0.73
≥3 52 24.5 1.02 0.71 48 25.4 0.97 0.78 51 25.3 1.06 0.88
Missing 8 3.8 0.71 0.39 8 4.2 0.51 0.48 9 4.5 0.92 0.55
Children in household
0 45 21.2 1.27 0.68 <0.001 39 20.6 1.23 0.73 <0.001 42 20.8 1.46 0.86 <0.001
1 82 38.7 0.88 0.54 73 38.6 0.83 0.59 76 37.6 0.94 0.67
2 55 25.9 0.96 0.56 51 27.0 0.99 0.67 56 27.7 0.96 0.72
≥3 24 11.3 0.50 0.62 20 10.6 0.40 0.65 22 10.9 0.58 0.78
Missing 6 2.8 1.10 0.57 6 3.2 1.02 1.00 6 3 1.13 0.49
 Rate
(lb/wk)
Table 2.5, continued. Rate of weight gain by covariates: B.A.B.Y. Study
2nd and 3rd trimesters (n=212) 2nd trimester (n=189) 3rd trimester (n=202)
Total  Rate
(lb/wk)
Total  Rate
(lb/wk)
Total
Rate of weight gain (Ibs/wk)
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n % mean SD p-value
1
n % mean SD p-value
1
n % mean SD p-value
1
Health status and risk factors
Parity
Nulliparous 58 27.4 1.33 0.67 0.045 51 27.0 1.29 0.73 0.165 55 27.2 1.49 0.81 0.127
Parous 154 72.6 0.80 0.54 138 73.0 0.78 0.63 147 72.8 0.84 0.68
Pre-pregnancy BMI
<25 kg/m
2
7 3.3 1.02 0.47 <0.001 7 3.7 0.93 0.57 0.008 7 3.5 1.13 0.68 0.019
25-<30 kg/m
2
70 33.0 1.17 0.69 64 33.9 1.13 0.73 72 35.6 1.22 0.88
30-<40 kg/m
2
135 63.7 0.83 0.56 118 62.4 0.80 0.66 123 60.9 0.90 0.69
Personal history of GDM
Yes 21 9.9 0.73 0.52 0.102 17 9.0 0.66 0.69 0.115 17 8.4 0.68 0.61 0.054
No 178 84.0 0.97 0.63 159 84.1 0.94 0.70 168 83.2 1.06 0.78
Missing 13 6.1 1.02 0.61 13 6.9 1.01 0.67 17 8.4 1.00 0.77
Family history of diabetes mellitus
Yes 197 92.9 0.96 0.62 0.906 176 93.1 0.93 0.69 − 188 93.1 1.03 0.77 −
No 3 1.4 0.92 0.24 1 0.5 1.38 − 1 0.5 0.84 −
Missing 12 5.7 0.78 0.76 12 6.4 0.62 0.76 13 6.4 0.98 0.85
Smoking pre-pregnancy
>10 cigarettes/day 15 7.1 0.81 0.70 0.274 15 7.9 0.93 0.73 0.573 17 8.4 0.72 0.72 0.049
≤10 cigarettes/day 53 25.0 1.07 0.77 45 23.8 1.04 0.83 51 25.3 1.22 0.96
No 127 59.9 0.93 0.56 112 59.3 0.91 0.61 117 57.9 0.97 0.70
Missing 17 8.0 0.87 0.48 17 9.0 0.64 0.77 17 8.4 1.10 0.55
Table 2.5, continued. Rate of weight gain by covariates: B.A.B.Y. Study
2nd and 3rd trimesters (n=212) 2nd trimester (n=189) 3rd trimester (n=202)
Rate of weight gain (Ibs/wk)
Total  Rate
(lb/wk)
Total Rate
(lb/wk)
Total Rate
(lb/wk)
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n % mean SD p-value
1
n % mean SD p-value
1
n % mean SD p-value
1
Smoking during pregnancy
>10 cigarettes/day 3 1.4 0.77 0.14 0.868 3 1.6 0.64 0.26 0.744 3 1.5 0.93 0.33 0.948
≤10 cigarettes/day 26 12.3 0.96 0.95 25 13.2 0.95 0.99 28 13.9 0.99 1.05
No 161 75.9 0.96 0.58 139 73.5 0.95 0.62 149 73.8 1.03 0.74
Missing 22 10.4 0.85 0.52 22 11.6 0.71 0.76 22 10.9 0.99 0.62
Alcohol use pre-pregnancy
Yes 91 42.9 0.99 0.68 0.500 76 40.2 1.01 0.72 0.354 84 41.6 1.07 0.83 0.364
No 104 49.1 0.93 0.60 96 50.8 0.89 0.65 101 50.0 0.97 0.76
Missing 17 8.0 0.87 0.48 17 9.0 0.64 0.77 17 8.4 1.10 0.55
Alcohol use during pregnancy
Yes 3 1.4 0.89 1.10 0.884 3 1.6 0.65 1.22 0.452 3 1.5 1.21 0.98 0.625
No 190 89.6 0.95 0.61 167 88.4 0.94 0.67 180 89.1 1.00 0.76
Missing 19 9.0 0.98 0.73 19 10.1 0.74 0.87 19 9.4 1.22 0.89
1
Student's t-test or ANOVA.  Excludes missing values and "don't know"/"refused".
 Rate
(lb/wk)
Total  Rate
(lb/wk)
Total  Rate
(lb/wk)
Total
Table 2.5, continued. Rate of weight gain by covariates: B.A.B.Y. Study
Rate of weight gain (Ibs/wk)
2nd and 3rd trimesters (n=212) 2nd trimester (n=189) 3rd trimester (n=202)
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n % n % n % n % p-value
2
Demographic characteristics
Age (years)
18-19 25 10.4 0 0 6 15.4 19 11.7 0.003
20-24 94 39.0 13 32.5 11 28.2 70 43.2
25-29 58 24.1 15 37.5 5 12.8 38 23.5
30-40 64 26.6 12 30.0 17 43.6 35 21.6
Ethnicity
Hispanic 147 61.0 20 50.0 25 64.1 102 63.0 0.293
Non-Hispanic 94 39.0 20 50.0 14 35.9 60 37.0
Education
Less than high school 56 23.2 9 22.5 9 23.1 38 23.5 0.753
High school graduate or GED 75 31.1 15 37.5 10 25.6 50 30.9
Post high school 90 37.3 13 32.5 18 46.2 59 36.4
Missing 20 8.3 3 7.5 2 5.1 15 9.3
Household income
<$15,000 100 41.5 20 50.0 13 33.3 67 41.4 0.605
$15,000-<$30,000 31 12.9 4 10.0 7 18.0 20 12.4
≥$30,000 48 19.9 9 22.5 5 12.8 34 21.0
Don't know/refused 43 17.8 4 10.0 12 30.8 27 16.7
Missing 19 7.9 3 7.5 2 5.1 14 8.6
Table 2.6. Distribution of covariates according to meeting Institute of Medicine (IOM) guidelines for total weight gain 
during pregnancy: B.A.B.Y. Study (n=241)
Total Not achieving IOM 
guidelines
(n=42)
Meeting IOM 
guidelines
(n=35)
Exceeding IOM 
guidelines
(n=164)
IOM guidelines for total GWG
1
154 
n % n % n % n % p-value
2
Marital status
Single/separated/divorced/widowed 178 73.9 29 72.5 25 64.1 124 76.5 0.343
Married 61 25.3 11 27.5 13 33.3 37 22.8
Refused 1 0.4 0 0 0 0 1 0.6
Missing 1 0.4 0 0 1 2.6 0 0
Live with Partner
Yes 142 58.9 25 62.5 22 56.4 95 58.6 0.764
No 80 33.2 12 30.0 15 38.5 53 32.7
Missing 19 7.9 3 7.5 2 5.1 14 8.6
Adults in household
1 57 23.7 7 17.5 10 25.6 40 24.7 0.723
2 115 47.7 23 57.5 18 46.2 74 45.7
≥3 58 24.1 8 20.0 10 25.6 40 24.7
Missing 11 4.6 2 5.0 1 2.6 8 4.9
Children in household
0 54 22.4 6 15.0 6 15.4 42 25.9 0.244
1 87 36.1 16 40.0 13 33.3 58 35.8
2 64 26.6 10 25.0 11 28.2 43 26.5
≥3 29 12.0 7 17.5 8 20.5 14 8.6
Missing 7 2.9 1 2.5 1 2.6 5 3.1
Table 2.6, continued. Distribution of covariates according to meeting Institute of Medicine (IOM) guidelines for total weight 
gain during pregnancy: B.A.B.Y. Study (n=241)
IOM guidelines for total GWG
1
Total Not achieving IOM 
guidelines
(n=42)
Meeting IOM 
guidelines
(n=35)
Exceeding IOM 
guidelines
(n=164)
155 
n % n % n % n % p-value
2
Health status and risk factors
Parity
Nulliparous 67 27.8 6 15.0 6 15.4 55 34.0 0.010
Parous 174 72.2 34 85.0 33 84.6 107 66.1
Pre-pregnancy BMI
<25 kg/m
2
7 2.9 4 10.0 0 0 3 1.9 0.026
25-<30 kg/m
2
85 35.3 8 20.0 14 35.9 63 38.9
30-<40 kg/m
2
149 61.8 28 70.0 25 64.1 96 59.3
Personal history of GDM
Yes 23 9.5 6 15.0 1 2.6 16 9.9 0.169
No 199 82.6 32 80.0 34 87.2 133 82.1
Missing 19 7.9 2 5.0 4 10.3 13 8.0
Family history of diabetes mellitus
Yes 224 93.0 36 90.0 38 97.4 150 92.6 1.000
No 3 1.2 0 0 0 0 3 1.9
Missing 14 5.8 4 10.0 1 2.6 9 5.6
Smoking pre-pregnancy
>10 cigarettes/day 18 7.5 2 5.0 3 7.7 13 8.0 0.992
≤10 cigarettes/day 60 24.9 10 25.0 10 25.6 40 24.7
No 143 59.3 25 62.5 24 61.5 94 58.0
Missing 20 8.3 3 7.5 2 5.1 15 9.3
Exceeding IOM 
guidelines
(n=164)
Table 2.6, continued. Distribution of covariates according to meeting Institute of Medicine (IOM) guidelines for total weight 
gain during pregnancy: B.A.B.Y. Study (n=241)
IOM guidelines for total GWG
1
Total Not achieving IOM 
guidelines
(n=42)
Meeting IOM 
guidelines
(n=35)
156 
n % n % n % n % p-value
2
Smoking during pregnancy
>10 cigarettes/day 3 1.2 0 0 0 0 3 1.9 0.963
≤10 cigarettes/day 30 12.3 6 15.0 5 12.8 19 11.7
No 182 75.5 30 75.0 30 76.9 122 75.3
Missing 26 10.8 4 10.0 4 10.3 18 11.1
Alcohol use pre-pregnancy
Yes 107 44.4 20 50.0 16 41.0 71 43.8 0.648
No 114 47.3 17 42.5 21 53.9 76 46.9
Missing 20 8.3 3 7.5 2 5.1 15 9.3
Alcohol use during pregnancy
Yes 3 1.2 1 2.5 0 0 2 1.2 0.702
No 215 89.2 36 90.0 35 89.7 144 88.9
Missing 23 9.5 3 7.5 4 10.3 16 9.9
2
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5)
Table 2.6, continued. Distribution of covariates according to meeting Institute of Medicine (IOM) guidelines for total weight 
gain during pregnancy: B.A.B.Y. Study (n=241)
IOM guidelines for total GWG
1
1
IOM guidelines for total weight gain: 28-40 lb for BMI<18.5, 25-35 lb for BMI 18.5-<25, 15-25 lb for BMI 25-<30, and 11-20 lb 
Total Not achieving IOM 
guidelines
(n=42)
Meeting IOM 
guidelines
(n=35)
Exceeding IOM 
guidelines
(n=164)
157 
n % n % n % n % p-value
2
Demographic characteristics
Age (years)
18-19 23 10.9 0 0 2 9.1 21 14.2 0.008
20-24 81 38.2 13 31.0 5 22.7 63 42.6
25-29 51 24.1 13 31.0 6 27.3 32 21.6
30-40 57 26.9 16 38.1 9 40.9 32 21.6
Ethnicity
Hispanic 132 62.3 20 47.6 13 59.1 99 66.9 0.072
Non-Hispanic 80 37.7 22 52.4 9 40.9 49 33.1
Education
Less than high school 54 25.5 11 26.2 4 18.2 39 26.4 0.880
High school graduate or GED 58 27.4 13 31.0 7 31.8 38 25.7
Post high school 83 39.2 15 35.7 9 40.9 59 29.9
Missing 17 8.0 3 7.1 2 9.1 12 8.1
Household income
<$15,000 90 42.5 19 45.2 12 54.6 11 7.4 0.434
$15,000-<$30,000 30 14.2 5 11.9 1 4.6 59 39.9
≥$30,000 37 17.5 9 21.4 2 9.1 26 17.6
Don't know/refused 39 18.4 6 14.3 5 22.7 28 18.9
Missing 16 7.6 3 7.1 2 9.1 11 7.4
Table 2.7. Distribution of covariates according to meeting Institute of Medicine (IOM) guidelines for rate of weight gain 
during pregnancy: B.A.B.Y. Study (n=212)
IOM guidelines for rate of GWG in 2nd and 3rd trimester
1
Total Not achieving 
IOM guidelines
(n=42)
Meeting IOM 
guidelines
(n=22)
Exceeding IOM 
guidelines
(n=148)
158 
n % n % n % n % p-value
2
Marital status
Single/separated/divorced/widowed 156 73.6 29 69.1 17 77.3 110 74.3 0.673
Married 54 25.5 13 31.0 5 22.7 36 24.3
Refused 1 0.5 0 0 0 0 1 0.7
Missing 1 0.5 0 0 0 0 1 0.7
Live with Partner
Yes 125 59.0 29 69.1 10 45.5 86 58.1 0.166
No 71 33.5 10 23.8 10 45.5 51 34.5
Missing 16 7.6 3 7.1 2 9.1 11 7.4
Adults in household
1 49 23.1 9 21.4 6 27.3 34 23.0 0.828
2 103 48.6 23 54.8 9 40.9 71 48.0
≥3 52 24.5 8 19.1 6 27.3 38 25.7
Missing 8 3.8 2 4.8 1 4.6 5 3.4
Children in household
0 45 21.2 3 7.1 4 18.2 38 25.7 0.006
1 82 38.7 17 40.5 7 31.8 58 39.2
2 55 25.9 11 26.2 6 27.3 38 25.7
≥3 24 11.3 10 23.8 5 22.7 9 6.1
Missing 6 2.8 1 2.4 0 0 5 3.4
Not achieving 
IOM guidelines
(n=42)
Meeting IOM 
guidelines
(n=22)
Exceeding IOM 
guidelines
(n=148)
Table 2.7, continued. Distribution of covariates according to meeting Institute of Medicine (IOM) guidelines for rate of 
weight gain during pregnancy: B.A.B.Y. Study (n=241)
IOM guidelines for rate of GWG in 2nd and 3rd trimester
1
Total
159 
n % n % n % n % p-value
2
Health status and risk factors
Parity
Nulliparous 58 27.4 3 7.1 5 22.7 50 33.8 0.001
Parous 154 72.6 39 92.9 17 77.3 98 66.2
Pre-pregnancy BMI
<25 kg/m
2
7 3.3 3 7.1 1 4.6 3 2.0 0.067
25-<30 kg/m
2
70 33.0 12 28.6 3 13.6 55 37.2
30-<40 kg/m
2
135 63.7 27 64.3 18 81.8 90 60.8
Personal history of GDM
Yes 21 9.9 7 16.7 2 9.1 12 8.1 0.243
No 178 84.0 33 78.6 18 81.8 124 85.8
Missing 13 6.1 7 16.7 2 9.1 12 8.1
Family history of diabetes mellitus
Yes 197 92.9 36 85.7 22 100.0 139 93.9 1.000
No 3 1.4 0 0 0 0 3 2.0
Missing 12 5.7 6 14.3 0 0 6 4.1
Smoking pre-pregnancy
>10 cigarettes/day 15 7.1 4 9.5 2 9.1 9 6.1 0.771
≤10 cigarettes/day 53 25.0 12 28.6 4 18.2 37 25.0
No 127 59.9 23 54.8 14 63.6 90 60.8
Missing 17 8.0 3 7.1 2 9.1 12 8.1
Table 2.7, continued. Distribution of covariates according to meeting Institute of Medicine (IOM) guidelines for rate of 
weight gain during pregnancy: B.A.B.Y. Study (n=241)
IOM guidelines for rate of GWG in 2nd and 3rd trimester
1
Total Not achieving 
IOM guidelines
(n=42)
Meeting IOM 
guidelines
(n=22)
Exceeding IOM 
guidelines
(n=148)
160 
n % n % n % n % p-value
2
Smoking during pregnancy
>10 cigarettes/day 3 1.4 0 0 1 4.6 2 1.4 0.168
≤10 cigarettes/day 26 12.3 9 21.4 2 9.1 15 10.1
No 161 75.9 29 69.1 16 72.7 116 78.4
Missing 22 10.4 4 9.5 3 13.6 15 10.1
Alcohol use pre-pregnancy
Yes 91 42.9 20 47.6 8 36.4 63 42.6 0.706
No 104 49.1 19 45.2 12 54.6 73 49.3
Missing 17 8.0 3 7.1 2 9.1 12 8.1
Alcohol use during pregnancy
Yes 3 1.4 1 2.4 0 0 2 1.4 0.660
No 190 89.6 38 90.5 19 86.4 133 89.9
Missing 19 9.0 3 7.1 3 13.6 13 8.8
2
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5)
Total Not achieving 
IOM guidelines
(n=42)
Meeting IOM 
guidelines
(n=22)
Exceeding IOM 
guidelines
(n=148)
Table 2.7, continued. Distribution of covariates according to meeting Institute of Medicine (IOM) guidelines for rate of 
weight gain during pregnancy: B.A.B.Y. Study (n=241)
IOM guidelines for rate of GWG in 2nd and 3rd trimester
1
1
IOM guidelines for rate of weight gain in 2nd and 3rd trimesters: 1 lb/wk (range 1-1.3) for BMI<18.5, 1 lb/wk (range 0.8-1) for 
BMI 18.5-<25, 0.6 lb/wk (range 0.5-0.7) for BMI 25-<30, and 0.5 lb/wk (range 0.4-0.6) for BMI≥30 kg/m2
161 
p-value p-value
Measures of gestational weight gain β SE β SE
Gestational weight gain
Total pregnancy -0.79 2.59 0.759 -2.02 2.65 0.447
Rate of weight gain
2nd and 3rd trimesters 0.07 0.09 0.409 -0.01 0.08 0.894
2nd trimester 0.08 0.10 0.452 -0.002 0.10 0.984
3rd trimester 0.09 0.11 0.403 -0.05 0.11 0.662
Table 2.8. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines for total 
weight gain and rate of weight gain by study group: intent-to-treat analysis; BABY Study (n=241)
Unadjusted (n=241)
1
Adjusted (n=222)
1
162 
p-value p-value
Meeting IOM guidelines
2
OR 95% CI OR 95% CI
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 0.70 (0.29, 1.70) 0.429 0.85 (0.33, 2.17) 0.734
Meeting IOM guidelines
Exceeding IOM guidelines 0.72 (0.36, 1.45) 0.355 0.78 (0.37, 1.66) 0.515
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 1.45 (0.52, 4.09) 0.480 1.76 (0.58, 5.31) 0.319
Meeting IOM guidelines
Exceeding IOM guidelines 1.27 (0.52, 3.11) 0.606 1.17 (0.44, 3.05) 0.757
2nd trimester
Not achieving IOM guidelines 0.92 (0.36, 2.38) 0.869 0.95 (0.36, 2.51) 0.921
Meeting IOM guidelines
Exceeding IOM guidelines 1.47 (0.64, 3.37) 0.361 1.25 (0.53, 2.94) 0.613
3rd trimester
Not achieving IOM guidelines 1.10 (0.38, 3.15) 0.865 1.20 (0.38, 3.75) 0.758
Meeting IOM guidelines
Exceeding IOM guidelines 0.93 (0.35, 2.43) 0.879 0.74 (0.26, 2.12) 0.580
1
Linear regression to calculate mean differences for continuous outcomes and multinomial logistic regression for categorical 
2
IOM guidelines for total weight gain: 28-40 lb for BMI<18.5, 25-35 lb for BMI 18.5-<25, 15-25 lb for BMI 25-<30, and 11-20 lb 
for BMI ≥30 kg/m2; IOM guidelines for rate of weight gain in 2nd and 3rd trimesters: 1 lb/wk (range 1-1.3) for BMI<18.5, 1 lb/wk 
(range 0.8-1) for BMI 18.5-<25, 0.6 lb/wk (range 0.5-0.7) for BMI 25-<30, and 0.5 lb/wk (range 0.4-0.6) for BMI≥30 kg/m2
referent
referent
referent
referent
referent
referent
referent
referent
Table 2.8, continued. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines 
for total weight gain and rate of weight gain by study group: intent-to-treat analysis; BABY Study (n=241)
Unadjusted (n=241)
1
Adjusted (n=222)
1
163 
p-value p-value
Measures of gestational weight gain β SE β SE
Gestational weight gain
Total pregnancy -0.54 2.70 0.841 -2.02 2.65 0.447
Rate of weight gain
2nd and 3rd trimesters 0.07 0.09 0.445 -0.01 0.08 0.894
2nd trimester 0.08 0.11 0.478 -0.002 0.10 0.984
3rd trimester 0.05 0.11 0.635 -0.05 0.11 0.662
Table 2.9. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines for total 
weight gain and rate of weight gain by study group: adjusted for covariates imbalanced by study group
1
; BABY Study 
(n=222) Unadjusted
2
Adjusted
2
164 
p-value p-value
Meeting IOM guidelines
3
OR 95% CI OR 95% CI
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 0.76 (0.30, 1.90) 0.555 0.85 (0.33, 2.17) 0.734
Meeting IOM guidelines
Exceeding IOM guidelines 0.79 (0.38, 1.65) 0.526 0.78 (0.37, 1.66) 0.515
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 1.49 (0.51, 4.39) 0.466 1.76 (0.58, 5.31) 0.319
Meeting IOM guidelines
Exceeding IOM guidelines 1.28 (0.50, 3.27) 0.612 1.17 (0.44, 3.05) 0.757
2nd trimester
Not achieving IOM guidelines 0.95 (0.37, 2.49) 0.922 0.95 (0.36, 2.51) 0.921
Meeting IOM guidelines
Exceeding IOM guidelines 1.45 (0.63, 3.34) 0.385 1.25 (0.53, 2.94) 0.613
3rd trimester
Not achieving IOM guidelines 1.10 (0.36, 3.35) 0.866 1.20 (0.38, 3.75) 0.758
Meeting IOM guidelines
Exceeding IOM guidelines 0.90 (0.33, 2.50) 0.845 0.74 (0.26, 2.12) 0.580
referent
referentreferent
referent
Table 2.9, continued. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines 
for total weight gain and rate of weight gain by study group: adjusted for covariates imbalanced by study group
1
; BABY 
Study (n=222)
Unadjusted
2
Adjusted
2
3
IOM guidelines for total weight gain: 28-40 lb for BMI<18.5, 25-35 lb for BMI 18.5-<25, 15-25 lb for BMI 25-<30, and 11-20 lb 
for BMI ≥30 kg/m2; IOM guidelines for rate of weight gain in 2nd and 3rd trimesters: 1 lb/wk (range 1-1.3) for BMI<18.5, 1 lb/wk 
(range 0.8-1) for BMI 18.5-<25, 0.6 lb/wk (range 0.5-0.7) for BMI 25-<30, and 0.5 lb/wk (range 0.4-0.6) for BMI≥30 kg/m2
referent
referent
2
Linear regression to calculate mean differences for continuous outcomes and multinomial logistic regression for categorical 
1
Adjusted for parity (parous vs. nulliparous) and personal history of GDM (yes vs. no).
referent
referent
165 
n % n % n % p-value
1
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 24 11.0 9 17.0 15 9.0 0.323 21 13.1 7 16.3 14 12.0 0.007
20-24 84 38.4 21 39.6 63 38.0 62 38.8 13 30.2 49 41.9
25-29 51 23.3 12 22.6 39 23.5 36 22.5 17 39.5 19 16.2
30-40 60 27.4 11 20.8 49 29.5 41 25.6 6 14.0 35 29.9
Ethnicity
Hispanic 129 58.9 31 58.5 98 59.0 0.944 63 39.4 25 58.1 72 61.5 0.697
Non-Hispanic 90 41.1 22 41.5 68 41.0 97 60.6 18 41.9 45 38.5
Education
Less than high school 54 24.7 16 30.2 38 22.9 0.336 37 23.1 9 20.9 28 23.9 0.954
High school graduate or GED 74 33.8 14 26.4 60 36.1 53 33.1 13 30.2 40 34.2
Post high school 87 39.7 23 43.4 64 38.6 60 37.5 16 37.2 44 37.6
Missing 4 1.8 0 0.0 4 2.4 10 6.3 5 11.6 5 4.3
Household income
<$15,000 97 44.3 25 47.2 72 43.4 0.768 67 41.9 18 41.9 49 41.9 0.682
$15,000-<$30,000 29 13.2 6 11.3 23 13.9 17 10.6 4 9.3 13 11.1
≥$30,000 47 21.5 10 18.9 37 22.3 33 20.6 6 14.0 27 23.1
Don't know/refused 43 19.6 12 22.6 31 18.7 34 21.3 11 25.6 23 19.7
Missing 3 1.4 0 0.0 3 1.8 9 5.6 4 9.3 5 4.3
Table 2.10. Distribution of covariates by baseline and post-intervention sports/exercise MET-hrs/wk: B.A.B.Y. Study
Quartile 4
≥11.4
(n=53)
Quartiles 1-3
<11.4
(n=166)
Post-Intervention Sports/Exercise Activity
(MET-hrs/wk; n=160)
Quartile 4
≥14.5
(n=43)
Quartiles 1-3
<14.5
(n=117)
Total
Baseline Sports/Exercise Activity
(MET-hrs/wk; n=219)
Total
166 
n % n % n % p-value
1
n % n % n % p-value
1
Marital status
Single/separated/divorced/widowed161 73.5 41 77.4 120 72.3 0.505 118 73.8 34 79.1 84 71.8 0.245
Married 57 26.0 12 22.6 45 27.1 41 25.6 8 18.6 33 28.2
Refused 1 0.5 0 0 1 0.6 0 0 0 0 0 0
Missing 0 0 0 0 0 0 1 0.6 1 2.3 0 0
Live with Partner
Yes 140 63.9 30 56.6 110 66.3 0.150 96 60.0 26 60.5 70 59.8 0.641
No 76 34.7 23 43.4 53 31.9 55 34.4 13 30.2 42 35.9
Missing 3 1.4 0 0 3 1.8 9 5.6 4 9.3 5 4.3
Adults in household
1 48 21.9 15 28.3 33 19.9 0.382 31 19.4 10 23.3 21 18.0 0.479
2 113 51.6 27 50.9 86 51.8 77 48.1 20 46.5 57 48.7
≥3 56 25.6 11 20.8 45 27.1 45 28.1 9 20.9 36 30.8
Missing 2 0.9 0 0 2 1.2 7 4.4 4 9.3 3 2.6
Children in household
0 48 21.9 12 22.6 36 21.7 0.659 38 23.8 12 27.9 26 22.2 0.633
1 81 37.0 17 32.1 64 38.6 61 38.1 17 39.5 44 37.6
2 60 27.4 18 34.0 42 25.3 45 28.1 9 20.9 36 30.8
≥3 27 12.3 6 11.3 21 12.7 13 8.1 4 9.3 9 7.7
Missing 3 1.4 0 0 3 1.8 3 1.9 1 2.3 2 1.7
Table 2.10, continued. Distribution of covariates by baseline and post-intervention sports/exercise MET-hrs/wk: B.A.B.Y. 
Study
Baseline Sports/Exercise Activity
(MET-hrs/wk; n=219)
Post-Intervention Sports/Exercise Activity
(MET-hrs/wk; n=160)
Total Quartile 4
≥11.4
(n=53)
Quartiles 1-3
<11.4
(n=166)
Total Quartile 4
≥14.5
(n=43)
Quartiles 1-3
<14.5
(n=117)
167 
n % n % n % p-value
1
n % n % n % p-value
1
Health status and risk factors
Parity
Nulliparous 60 27.4 15 28.3 45 27.1 0.865 50 31.3 15 34.9 35 29.9 0.548
Parous 159 72.6 38 71.7 121 72.9 110 68.8 28 65.1 82 70.1
Pre-pregnancy BMI
<25 kg/m
2
5 2.3 0 0 5 3.0 0.309 3 1.9 0 0 3 2.6 0.601
25-<30 kg/m
2
78 35.6 16 30.2 62 37.4 57 35.6 14 32.6 43 26.8
30-<40 kg/m
2
136 62.1 37 69.8 99 59.6 100 62.5 29 67.4 71 60.7
Personal history of GDM
Yes 21 9.6 3 5.7 18 10.8 0.296 16 10.0 3 7.0 13 11.1 0.762
No 181 82.7 47 88.7 134 80.7 128 80.8 34 79.1 94 80.3
Missing 17 7.8 3 5.7 14 8.4 16 10.0 6 14.0 10 8.6
Family history of diabetes mellitus
Yes 203 92.7 49 92.5 154 92.8 1.000 151 94.4 40 93.0 111 94.9 1.000
No 3 1.4 0 0 3 1.8 1 0.6 0 0 1 0.9
Missing 13 5.9 4 7.6 9 5.4 8 5.0 3 7.0 5 4.3
Table 2.10, continued. Distribution of covariates by baseline and post-intervention sports/exercise MET-hrs/wk: B.A.B.Y. 
Study
Baseline Sports/Exercise Activity
(MET-hrs/wk; n=219)
Post-Intervention Sports/Exercise Activity
(MET-hrs/wk; n=160)
Total Quartile 4
≥11.4
(n=53)
Quartiles 1-3
<11.4
(n=166)
Total Quartile 4
≥14.5
(n=43)
Quartiles 1-3
<14.5
(n=117)
168 
n % n % n % p-value
1
n % n % n % p-value
1
Smoking pre-pregnancy
>10 cigarettes/day 18 8.2 2 3.8 16 9.6 0.210 11 6.9 3 7.0 8 6.8 0.868
≤10 cigarettes/day 57 26.0 18 34.0 39 23.5 40 25.0 11 25.6 29 24.8
No 140 63.9 33 62.3 107 64.5 99 61.9 24 55.8 75 64.1
Missing 4 1.8 0 0 4 2.4 10 6.3 5 11.6 5 4.3
Smoking during pregnancy
>10 cigarettes/day 3 1.4 0 0 3 1.8 0.845 2 1.3 0 0 2 1.7 1.000
≤10 cigarettes/day 29 13.2 8 15.1 21 12.7 16 10.0 4 9.3 12 10.3
No 177 80.8 44 83.0 133 80.1 129 80.6 33 76.7 96 82.1
Missing 10 4.6 1 1.9 9 5.4 13 8.1 6 14.0 7 6.0
Alcohol use pre-pregnancy
Yes 105 48.0 26 59.1 79 47.6 0.971 70 43.8 18 41.9 52 44.4 0.920
No 110 50.2 27 50.9 83 50.0 80 50.0 20 46.5 60 51.3
Missing 4 1.8 0 0 4 2.4 10 6.3 5 11.6 5 4.3
Alcohol use during pregnancy
Yes 3 1.4 0 0 3 1.8 0.576 2 1.3 2 4.7 0 0 0.063
No 210 95.9 53 100.0 157 94.6 148 92.5 36 83.7 112 95.7
Missing 6 2.7 0 0 6 3.6 10 6.3 5 11.6 5 4.3
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes missing values and "don't know"/"refused".
Table 2.10, continued. Distribution of covariates by baseline and post-intervention sports/exercise MET-hrs/wk: B.A.B.Y. 
Study
Baseline Sports/Exercise Activity
(MET-hrs/wk; n=219)
Post-Intervention Sports/Exercise Activity
(MET-hrs/wk; n=160)
Total Quartile 4
≥11.4
(n=53)
Quartiles 1-3
<11.4
(n=166)
Total Quartile 4
≥14.5
(n=43)
Quartiles 1-3
<14.5
(n=117)
169 
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 20 13.5 12 12.4 8 15.7 0.217
20-24 57 38.5 40 41.2 17 33.3
25-29 32 21.6 24 24.7 8 15.7
30-40 39 26.4 21 21.7 18 35.3
Ethnicity
Hispanic 87 58.8 57 58.8 30 58.8 0.994
Non-Hispanic 61 41.2 40 41.2 21 41.2
Education
Less than high school 36 24.3 23 23.7 13 25.5 0.756
High school graduate or GED 52 35.1 36 37.1 16 31.4
Post high school 59 39.9 37 38.1 22 43.1
Missing 1 0.7 1 1.0 0 0
Household income
<$15,000 66 44.6 43 44.3 23 45.1 0.246
$15,000-<$30,000 16 10.8 13 13.4 3 5.9
≥$30,000 32 21.6 18 18.6 14 27.5
Don't know/refused 34 23.0 23 23.7 11 21.6
Marital status
Single/separated/divorced/widowed 110 74.3 76 78.4 34 66.7 0.122
Married 38 25.7 21 21.7 17 33.3
Live with Partner
Yes 95 64.2 66 68.0 29 56.9 0.178
No 53 35.8 31 32.0 22 43.1
Adults in household
1 29 19.6 17 17.5 12 23.5 0.664
2 75 50.7 51 52.6 24 47.1
≥3 44 29.7 29 29.9 15 29.4
Children in household
0 35 23.7 26 26.8 9 17.7 0.527
1 59 39.9 35 36.1 24 47.1
2 42 28.4 28 28.9 14 27.5
≥3 12 8.1 8 8.3 4 7.8
Table 2.11. Distribution of covariates by change in sports/exercise MET-hrs/wk: 
B.A.B.Y. Study 
Maintain/
Increase
(n=97)
Decrease
(n=51)
Total
Change in Sports/Exercise Activity (n=148)
170 
n % n % n % p-value
1
Health status and risk factors
Parity
Nulliparous 46 31.1 33 34.0 13 25.5 0.287
Parous 102 68.9 64 66.0 38 74.5
Pre-pregnancy BMI
<25 kg/m
2
4 2.7 2 2.1 2 3.9 0.705
25-<30 kg/m
2
53 35.8 34 35.1 19 37.3
30-<40 kg/m
2
91 61.5 61 62.9 30 58.8
Personal history of GDM
Yes 14 9.5 9 9.3 5 9.8 1.000
No 119 80.4 79 81.4 40 78.4
Missing 16 10.1 9 9.3 6 11.8
Family history of diabetes mellitus
Yes 139 93.9 90 92.8 49 96.1 1.000
No 1 0.7 1 1.0 0 0
Missing 8 5.4 6 6.2 2 3.9
Smoking pre-pregnancy
>10 cigarettes/day 11 7.4 8 8.3 3 5.9 0.886
≤10 cigarettes/day 39 26.4 26 26.8 13 25.5
No 97 65.5 62 63.9 35 68.6
Missing 1 0.7 1 1.0 0 0
Smoking during pregnancy
>10 cigarettes/day 2 1.4 1 1.0 1 2.0 0.726
≤10 cigarettes/day 17 11.5 10 10.3 7 13.7
No 125 84.5 82 84.5 43 84.3
Missing 4 2.7 4 4.1 0 0
Alcohol use pre-pregnancy
Yes 70 47.3 47 48.5 23 45.1 0.656
No 77 52.0 49 50.5 28 54.9
Missing 1 0.7 1 1.0 0 0
Alcohol use during pregnancy
Yes 2 1.4 2 2.1 0 0 0.544
No 145 98.0 94 96.9 51 100.0
Missing 1 0.7 1 1.0 0 0
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 2.11, continued. Distribution of covariates by change in sports/exercise MET-
hrs/wk: B.A.B.Y. Study 
Change in Sports/Exercise Activity (n=148)
Total Maintain/
Increase
(n=97)
Decrease
(n=51)
171 
n % n % n % p-value
1
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 24 11.1 7 12.1 17 10.8 0.974 21 13.1 7 18.4 14 11.5 0.114
20-24 84 38.9 22 37.9 62 39.2 62 38.8 14 36.8 48 39.3
25-29 49 22.7 14 24.1 35 22.2 36 22.5 12 31.6 24 19.7
30-40 59 27.3 15 25.9 44 27.9 41 25.6 5 13.2 36 29.5
Ethnicity
Hispanic 127 58.8 34 58.6 93 58.9 0.975 97 60.6 21 55.3 76 62.3 0.439
Non-Hispanic 89 41.2 24 41.4 65 41.1 63 39.4 17 44.7 46 37.7
Education
Less than high school 54 25.0 13 22.4 41 26.0 0.545 37 23.1 7 18.4 30 24.6 0.550
High school graduate or GED 73 33.8 23 39.7 50 31.7 53 33.1 12 31.6 41 33.6
Post high school 85 39.4 21 36.2 64 40.5 60 37.5 17 44.7 43 35.3
Missing 4 1.9 1 1.7 3 1.9 10 6.3 2 5.3 8 6.6
Household income
<$15,000 95 44.0 26 44.8 69 43.7 0.575 67 41.9 16 42.1 51 41.8 0.262
$15,000-<$30,000 29 13.4 10 17.2 19 12.0 17 10.6 5 13.2 12 9.8
≥$30,000 47 21.8 11 19.0 36 22.8 33 20.6 4 10.5 29 23.8
Don't know/refused 42 19.4 10 17.2 32 20.3 34 21.3 11 29.0 23 18.9
Missing 3 1.4 1 1.7 2 1.3 9 5.6 2 5.3 7 5.7
Table 2.12. Distribution of covariates by baseline and post-intervention moderate/vigorous MET-hrs/wk: B.A.B.Y. Study
Quartile 4
≥124.5
(n=58)
Quartiles 1-3
<124.5
(n=158)
Quartile 4
≥124.5
(n=38)
Quartiles 1-3
<124.5
(n=122)
Total Total
Baseline Moderate/Vigorous Activity
(MET-hrs/wk, n=216)
Post-Intervention Moderate/Vigorous Activity
(MET-hrs/wk, n=160)
172 
n % n % n % p-value
1
n % n % n % p-value
1
Marital status
Single/separated/divorced/widowed 158 73.2 43 74.1 115 72.8 0.896 118 73.8 28 73.7 90 73.8 0.817
Married 57 26.4 15 25.9 42 26.6 41 25.6 9 23.7 32 26.2
Refused 1 0.5 0 0 1 0.6 0 0 0 0 0 0
Missing 0 0 0 0 0 0 1 0.6 1 2.6 0 0
Live with Partner
Yes 138 63.9 39 67.2 99 62.7 0.502 96 60.0 23 60.5 73 59.8 0.964
No 75 34.7 18 31.0 57 36.1 55 34.4 13 34.2 42 34.4
Missing 3 1.4 1 1.7 2 1.3 9 5.6 2 5.3 7 5.7
Adults in household
1 48 22.2 14 24.1 34 21.5 0.788 31 19.4 9 23.7 22 18.0 0.393
2 111 51.4 31 53.5 80 50.6 77 48.1 15 39.5 62 50.8
≥3 55 25.5 13 22.4 42 26.6 45 28.1 13 34.2 32 26.2
Missing 2 0.9 0 0 2 1.3 7 4.4 1 2.6 6 4.9
Children in household
0 47 21.8 8 13.8 39 24.7 0.382 38 23.8 9 23.7 29 23.8 0.940
1 81 37.5 25 43.1 56 35.4 61 38.1 13 34.2 48 39.3
2 60 27.8 17 29.3 43 27.2 45 28.1 12 31.6 33 27.1
≥3 25 11.6 7 12.1 18 11.4 13 8.1 3 7.9 10 8.2
Missing 3 1.4 1 1.7 2 1.3 3 1.9 1 2.6 2 1.6
Table 2.12, continued. Distribution of covariates by baseline and post-intervention moderate/vigorous MET-hrs/wk: B.A.B.Y. 
Study
Baseline Moderate/Vigorous Activity
(MET-hrs/wk, n=216)
Post-Intervention Moderate/Vigorous Activity
(MET-hrs/wk, n=160)
Total Quartile 4
≥124.5
(n=58)
Quartiles 1-3
<124.5
(n=158)
Total Quartile 4
≥124.5
(n=38)
Quartiles 1-3
<124.5
(n=122)
173 
n % n % n % p-value
1
n % n % n % p-value
1
Health status and risk factors
Parity
Nulliparous 58 26.9 10 17.2 48 30.4 0.054 50 31.3 11 29.0 39 32.0 0.726
Parous 158 73.2 48 82.8 110 69.6 110 68.8 27 71.1 83 68.0
Pre-pregnancy BMI
<25 kg/m
2
5 2.3 1 1.7 4 2.5 0.152 3 1.9 0 0 3 2.5 0.933
25-<30 kg/m
2
77 35.7 15 25.9 62 39.2 57 35.6 13 34.2 44 36.1
30-<40 kg/m
2
134 62.0 42 72.4 92 58.2 100 62.5 25 65.8 75 61.5
Personal history of GDM
Yes 20 9.3 5 8.6 15 9.5 0.903 16 10.0 4 10.5 12 9.8 1.000
No 179 82.9 47 81.0 132 83.5 128 80.0 30 79.0 98 80.3
Missing 17 7.9 6 10.3 11 7.0 16 10.0 4 10.5 12 9.8
Family history of diabetes mellitus
Yes 201 93.1 53 91.4 148 93.7 0.178 151 84.4 35 92.1 116 95.1 1.000
No 3 1.4 2 3.5 1 0.6 1 0.6 0 0 1 0.8
Missing 12 5.6 3 5.2 9 5.7 8 5.0 3 7.9 5 4.1
Table 2.12, continued. Distribution of covariatesby baseline and post-intervention moderate/vigorous MET-hrs/wk: B.A.B.Y. 
Study
Baseline Moderate/Vigorous Activity
(MET-hrs/wk, n=216)
Post-Intervention Moderate/Vigorous Activity
(MET-hrs/wk, n=160)
Total Quartile 4
≥124.5
(n=58)
Quartiles 1-3
<124.5
(n=158)
Total Quartile 4
≥124.5
(n=38)
Quartiles 1-3
<124.5
(n=122)
174 
n % n % n % p-value
1
n % n % n % p-value
1
Smoking pre-pregnancy
>10 cigarettes/day 18 8.3 3 5.2 15 9.5 0.690 11 6.9 0 0 11 9.0 0.172
≤10 cigarettes/day 57 26.4 16 27.6 41 26.0 40 25.0 10 26.3 30 24.6
No 137 63.4 38 65.5 99 62.7 99 61.9 25 65.8 74 60.7
Missing 4 1.9 1 1.7 3 1.9 10 6.3 3 7.9 7 5.7
Smoking during pregnancy
>10 cigarettes/day 3 1.4 0 0 3 1.9 0.531 2 1.3 0 0 2 1.6 0.861
≤10 cigarettes/day 29 13.4 6 10.3 23 14.6 16 10.0 3 7.9 13 10.7
No 176 81.5 50 86.2 126 79.8 129 80.6 31 81.6 98 80.3
Missing 8 3.7 2 3.5 6 3.8 13 8.1 4 10.5 9 7.4
Alcohol use pre-pregnancy
Yes 103 47.7 28 48.3 75 47.5 0.924 70 43.8 17 44.7 53 43.4 0.796
No 109 50.5 29 50.0 80 50.6 80 50.0 18 47.4 62 50.8
Missing 4 1.9 1 1.7 3 1.9 10 6.3 3 7.9 7 5.7
Alcohol use during pregnancy
Yes 3 1.4 1 1.7 2 1.3 1.000 2 1.3 1 2.6 1 0.8 0.413
No 207 95.8 56 96.6 151 95.6 148 92.5 34 89.5 114 93.4
Missing 6 2.8 1 1.7 5 3.2 10 6.3 3 7.9 7 5.7
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes missing values and "don't know"/"refused".
Table 2.12, continued. Distribution of covariatesby baseline and post-intervention moderate/vigorous MET-hrs/wk: B.A.B.Y. 
Study
Baseline Moderate/Vigorous Activity
(MET-hrs/wk, n=216)
Post-Intervention Moderate/Vigorous Activity
(MET-hrs/wk, n=160)
Total Quartile 4
≥124.5
(n=58)
Quartiles 1-3
<124.5
(n=158)
Total Quartile 4
≥124.5
(n=38)
Quartiles 1-3
<124.5
(n=122)
175 
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 20 13.6 10 17.0 10 11.4 0.460
20-24 57 38.8 20 33.9 37 42.1
25-29 31 21.1 15 25.4 16 18.2
30-40 39 26.5 14 23.7 25 28.4
Ethnicity
Hispanic 87 59.2 36 61.0 51 58.0 0.711
Non-Hispanic 60 40.8 23 39.0 37 42.1
Education
Less than high school 36 24.5 16 27.1 20 22.7 0.377
High school graduate or GED 52 35.4 23 39.0 29 33.0
Post high school 58 39.5 19 32.2 39 44.3
Missing 1 0.7 1 1.7 0 0
Household income
<$15,000 65 44.2 27 45.8 38 43.2 0.042
$15,000-<$30,000 16 10.9 8 13.6 8 9.1
≥$30,000 32 21.8 6 10.2 26 29.6
Don't know/refused 34 23.1 18 30.5 16 18.2
Marital status
Single/separated/divorced/widowed 109 74.2 50 84.8 59 67.1 0.016
Married 38 25.9 9 15.3 29 33.0
Live with Partner
Yes 94 64.0 36 61.0 58 65.9 0.545
No 53 36.1 23 39.0 30 34.1
Adults in household
1 29 19.7 14 23.7 15 17.1 0.419
2 74 50.3 26 44.1 48 54.6
≥3 44 29.9 19 32.2 25 28.4
Children in household
0 35 23.8 16 27.1 19 21.6 0.779
1 59 40.1 21 35.6 38 43.2
2 42 28.6 17 28.8 25 28.4
≥3 11 7.5 5 8.5 6 6.8
Table 2.13. Distribution of covariates by change in moderate/vigorous MET-
hrs/wk: B.A.B.Y. Study
Maintain/
Increase
(n=59)
Decrease
(n=88)
Total
Change in Moderate/Vigorous Activity (n=147)
176 
n % n % n % p-value
1
Health status and risk factors
Parity
Nulliparous 46 31.3 21 35.6 25 28.4 0.357
Parous 101 68.7 38 64.4 63 71.6
Pre-pregnancy BMI
<25 kg/m
2
4 2.7 2 3.4 2 2.3 0.678
25-<30 kg/m
2
53 36.1 23 39.0 30 34.1
30-<40 kg/m
2
90 61.2 34 57.6 56 63.6
Personal history of GDM
Yes 13 8.8 5 8.5 8 9.1 0.850
No 119 81.0 49 83.1 70 79.6
Missing 15 10.2 5 8.5 10 11.4
Family history of diabetes mellitus
Yes 139 94.6 55 93.2 84 95.5 1.000
No 1 0.7 0 0 1 1.1
Missing 7 4.8 4 6.8 3 3.4
Smoking pre-pregnancy
>10 cigarettes/day 11 7.5 4 6.8 7 8.0 1.000
≤10 cigarettes/day 39 26.5 16 27.1 23 26.1
No 96 65.3 38 64.4 58 65.9
Missing 1 0.7 1 1.7 0 0
Smoking during pregnancy
>10 cigarettes/day 2 1.4 1 1.7 1 1.1 1.000
≤10 cigarettes/day 17 11.6 7 11.9 10 11.4
No 125 85.0 48 81.4 77 87.5
Missing 3 2.0 3 5.1 0 0
Alcohol use pre-pregnancy
Yes 69 46.9 25 42.4 44 50.0 0.414
No 77 52.4 33 55.9 44 50.0
Missing 1 0.7 1 1.7 0 0
Alcohol use during pregnancy
Yes 2 1.4 1 1.7 1 1.1 1.000
No 144 98.0 57 96.6 87 98.9
Missing 1 0.7 1 1.7 0 0
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 2.13, continued. Distribution of covariates by change in moderate/vigorous 
MET-hrs/wk: B.A.B.Y. Study
Change in Moderate/Vigorous Activity (n=147)
Total Maintain/
Increase
(n=59)
Decrease
(n=88)
177 
Measures of gestational weight gain β
1
SE p-value β
1
SE p-value β* SE p-value
Gestational weight gain
Total pregnancy 1.68 3.13 0.592 -1.30 3.54 0.714 -3.36 3.44 0.331
Rate of weight gain
2nd and 3rd trimesters 0.08 0.10 0.455 -0.06 0.11 0.579 -0.07 0.11 0.535
2nd trimester -0.04 0.12 0.731 -0.18 0.14 0.198 -0.06 0.14 0.642
3rd trimester 0.09 0.13 0.511 0.11 0.14 0.456 0.03 0.14 0.852
Table 2.14. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines for total 
weight gain and rate of weight gain by top quartile of baseline, post-intervention and change in sports/exercise activity, 
unadjusted: BABY Study (n= 219)
Baseline Sports/Exercise 
Activity 
(top vs. bottom 3 quartiles)
Post-Intervention 
Sports/Exercise Activity 
(top vs. bottom 3 quratiles)
Change in Sports/Exercise 
Activity 
(increase/maintain vs. 
decrease)
178 
Meeting IOM guidelines
2
OR
1
95% CI p-value OR
1
95% CI p-value OR* 95% CI p-value
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 1.53 (0.51, 4.60) 0.445 0.93 (0.28, 3.11) 0.902 0.44 (0.12, 1.59) 0.209
Meeting IOM guidelines
Exceeding IOM guidelines 1.36 (0.55, 3.36) 0.511 0.77 (0.30, 1.96) 0.581 0.45 (0.15, 1.30) 0.140
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 1.16 (0.31, 4.36) 0.825 3.76 (0.69, 20.45) 0.125 2.29 (0.63, 8.32) 0.210
Meeting IOM guidelines
Exceeding IOM guidelines 1.47 (0.46, 4.69) 0.516 3.48 (0.75, 16.06) 0.111 1.84 (0.65, 5.24) 0.255
2nd trimester
Not achieving IOM guidelines 1.21 (0.38, 3.84) 0.750 12.00 (1.40, 102.77) 0.023 1.66 (0.47, 5.93) 0.433
Meeting IOM guidelines
Exceeding IOM guidelines 1.21 (0.44, 3.32) 0.709 6.45 (0.81, 51.37) 0.078 1.40 (0.48, 4.12) 0.541
3rd trimester
Not achieving IOM guidelines 0.70 (0.18, 2.69) 0.603 1.76 (0.32, 9.67) 0.516 1.89 (0.50, 7.07) 0.347
Meeting IOM guidelines
Exceeding IOM guidelines 1.32 (0.40, 4.30) 0.648 2.27 (0.47, 10.96) 0.308 1.71 (0.53, 5.60) 0.372
2
IOM category definitions: see table 3
referent
referent
referent
referent
referent
referent
referent
referent
Table 2.14, continued. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines 
for total weight gain and rate of weight gain by top quartile of baseline, post-intervention and change in sports/exercise 
activity, unadjusted: BABY Study (n= 219)
Baseline Sports/Exercise 
Activity 
(top vs. bottom 3 quartiles)
1
Linear regression to calculate mean differences for continuous outcomes and multinomial logistic regression for categorical 
Post-Intervention 
Sports/Exercise Activity 
(top vs. bottom 3 quratiles)
referent
referent
referent
referent
Change in Sports/Exercise 
Activity 
(increase/maintain vs. 
decrease)
179 
Measures of gestational weight gain β
1
SE p-value β
1
SE p-value β
1
SE p-value
Gestational weight gain
Total pregnancy -1.53 3.02 0.612 -2.99 3.68 0.417 -0.34 3.32 0.918
Rate of weight gain
2nd and 3rd trimesters -0.04 0.10 0.707 0.04 0.12 0.707 -0.03 0.11 0.797
2nd trimester -0.04 0.12 0.730 -0.02 0.14 0.898 -0.08 0.13 0.565
3rd trimester -0.06 0.13 0.631 0.13 0.15 0.380 -0.02 0.14 0.902
Table 2.15. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines for total 
weight gain and rate of weight gain by top quartile of baseline, post-intervention and change in moderate-vigorous activity, 
unadjusted: BABY Study (n=216)
Baseline Moderate-Vigorous 
Activity
(top vs. bottom 3 quartiles)
Post-Intervention Moderate-
Vigorous Activity
(top vs. bottom 3 quartiles)
Change in Moderate-
Vigorous Activity
(increase/maintain vs. 
decrease)
180 
Meeting IOM guidelines
2
OR
1
95% CI p-value OR
1
95% CI p-value OR
1
95% CI p-value
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 1.69 (0.59, 4.82) 0.329 1.73 (0.47, 6.43) 0.414 0.89 (0.27, 2.93) 0.846
Meeting IOM guidelines
Exceeding IOM guidelines 1.20 (0.50, 2.87) 0.684 1.30 (0.45, 3.79) 0.631 1.21 (0.48, 3.02) 0.688
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 2.83 (0.70, 11.45) 0.144 0.88 (0.20, 3.85) 0.860 0.86 (0.24, 3.06) 0.812
Meeting IOM guidelines
Exceeding IOM guidelines 2.13 (0.59, 7.69) 0.251 1.31 (0.40, 4.34) 0.656 1.15 (0.40, 3.28) 0.796
2nd trimester
Not achieving IOM guidelines 1.02 (0.33, 3.14) 0.972 0.83 (0.22, 3.15) 0.781 2.50 (0.71, 8.84) 0.155
Meeting IOM guidelines
Exceeding IOM guidelines 1.02 (0.39, 2.67) 0.976 0.93 (0.29, 2.91) 0.895 1.29 (0.43, 3.86) 0.647
3rd trimester
Not achieving IOM guidelines 0.89 (0.26, 3.03) 0.854 1.22 (0.21, 7.01) 0.822 1.32 (0.35, 4.94) 0.683
Meeting IOM guidelines
Exceeding IOM guidelines 0.84 (0.27, 2.55) 0.754 2.15 (0.44, 10.39) 0.342 1.22 (0.47, 4.05) 0.748
referent
Change in Moderate-
Vigorous Activity
(increase/maintain vs. 
decrease)
referent
referent
referent
2
IOM category definitions: see table 3
1
Linear regression to calculate mean differences for continuous outcomes and multinomial logistic regression for categorical 
referent
referent
referent
referent
referent
Table 2.15, continued. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines 
for total weight gain and rate of weight gain by top quartile of baseline, post-intervention and change in moderate-vigorous 
activity, unadjusted: BABY Study (n=216)
Baseline Moderate-Vigorous 
Activity
(top vs. bottom 3 quartiles)
Post-Intervention Moderate-
Vigorous Activity
(top vs. bottom 3 quartiles)
referent
referent
referent
181 
Measures of gestational weight gain β
2
SE p-value β
2
SE p-value β
2
SE p-value
Gestational weight gain
Total pregnancy 1.91 2.91 0.512 -2.37 3.36 0.483 -2.28 3.39 0.501
Rate of weight gain
2nd and 3rd trimesters 0.07 0.09 0.444 -0.10 0.10 0.327 -0.03 0.10 0.794
2nd trimester -0.06 0.11 0.610 -0.14 0.13 0.305 -0.07 0.14 0.622
3rd trimester 0.07 0.12 0.544 0.07 0.14 0.609 0.04 0.14 0.758
Meeting IOM guidelines
3
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 1.50 (0.49, 4.65) 0.479 1.02 (0.27, 3.82) 0.976 0.43 (0.10, 1.82) 0.252
Meeting IOM guidelines
Exceeding IOM guidelines 1.26 (0.49, 3.23) 0.626 0.70 (0.25, 2.01) 0.512 0.46 (0.14, 1.54) 0.208
Baseline Sports/Exercise 
Activity
(top vs. bottom 3 quartiles)
Post-Intervention 
Sports/Exercise Activity
(top vs. bottom 3 quartiles)
Change in Sports/Exercise 
Activity
(increase/maintain vs. 
decrease)
Table 2.16. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines for total 
weight gain and rate of weight gain by top quartile of sports/exercise activity, multivariable model
1
: BABY Study (n=219)
referent referent referent
182 
Meeting IOM guidelines
3
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 1.00 (0.25, 3.93) 0.995 5.18 (0.84, 32.08) 0.077 3.63 (0.80, 16.52) 0.096
Meeting IOM guidelines
Exceeding IOM guidelines 1.20 (0.35, 4.12) 0.767 3.50 (0.66, 18.63) 0.143 2.69 (0.77, 9.39) 0.120
2nd trimester
Not achieving IOM guidelines 1.27 (0.39, 4.13) 0.689 9.53 (1.05, 86.48) 0.045 2.45 (0.59, 10.24) 0.219
Meeting IOM guidelines
Exceeding IOM guidelines 1.17 (0.41, 3.34) 0.766 6.95 (0.83, 58.08) 0.074 1.98 (0.57, 6.87) 0.284
3rd trimester
Not achieving IOM guidelines 0.70 (0.18, 2.76) 0.615 1.70 (0.30, 9.64) 0.550 1.58 (0.35, 7.21) 0.554
Meeting IOM guidelines
Exceeding IOM guidelines 1.27 (0.36, 4.40) 0.712 1.93 (0.37, 9.95) 0.435 1.71 (0.41, 7.21) 0.464
1
All analyses adjusted for age (continuous), parity (parous vs. nulliparous), BMI (continuous) and household income (dummy: 
<$15,000 vs. ≥$15,000 and missing vs. ≥$15,000).  Post-intervention and change in sports/exercise activity additionally adjusted for 
baseline sports/exercise activity.
2
Linear regression for continuous outcomes and multinomial logistic regression for categorical outcomes; 
3
IOM category definitions: 
see table 3
referent
referent
referent
referent
referent
referent
Table 2.16, continued. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines 
for total weight gain and rate of weight gain by top quartile of sports/exercise activity, multivariable model
1
: BABY Study 
(n=219)
Baseline Sports/Exercise 
Activity
(top vs. bottom 3 quartiles)
Post-Intervention 
Sports/Exercise Activity
(top vs. bottom 3 quartiles)
referent
referent
referent
Change in Sports/Exercise 
Activity
(increase/maintain vs. 
decrease)
183 
Measures of gestational weight gain β
2
SE p-value β
2
SE p-value β
2
SE p-value
Gestational weight gain
Total pregnancy -0.12 2.83 0.967 -2.40 3.77 0.526 -1.18 3.16 0.710
Rate of weight gain
2nd and 3rd trimesters 0.02 0.09 0.798 -0.004 0.11 0.975 -0.03 0.10 0.784
2nd trimester -0.01 0.11 0.949 -0.04 0.15 0.763 -0.08 0.12 0.519
3rd trimester 0.01 0.12 0.924 0.14 0.15 0.358 -0.01 0.13 0.947
Meeting IOM guidelines
3
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 1.76 (0.59, 5.21) 0.308 2.53 (0.48, 13.18) 0.272 1.12 (0.31, 4.07) 0.862
Meeting IOM guidelines
Exceeding IOM guidelines 1.27 (0.51, 3.13) 0.606 1.63 (0.45, 5.95) 0.461 1.54 (0.55, 4.26) 0.410
Baseline Moderate-Vigorous 
Activity
(top vs. bottom 3 quartiles)
referent
Post-Intervention Moderate-
Vigorous Activity
(top vs. bottom 3 quartiles)
referent
Change in Moderate-
Vigorous Activity
(Increase/maintain vs. 
decrease)
referent
Table 2.17. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines for total 
weight gain and rate of weight gain by top quartile of moderate-vigorous activity, multivariable model
1
: BABY Study (n=216)
184 
Meeting IOM guidelines
3
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 2.05 (0.48, 8.71) 0.330 0.47 (0.07, 2.92) 0.415 1.12 (0.28, 4.59) 0.870
Meeting IOM guidelines
Exceeding IOM guidelines 1.69 (0.43, 6.58) 0.449 0.73 (0.17, 3.18) 0.679 1.61 (0.47, 5.50) 0.451
2nd trimester
Not achieving IOM guidelines 1.06 (0.34, 3.33) 0.926 0.62 (0.13, 3.05) 0.559 2.50 (0.66, 9.54) 0.179
Meeting IOM guidelines
Exceeding IOM guidelines 1.14 (0.41, 3.13) 0.802 0.66 (0.17, 2.53) 0.547 1.30 (0.39, 4.39) 0.672
3rd trimester
Not achieving IOM guidelines 0.85 (0.24, 2.99) 0.800 1.23 (0.17, 9.00) 0.837 1.12 (0.28, 4.52) 0.877
Meeting IOM guidelines
Exceeding IOM guidelines 0.80 (0.24, 2.64) 0.716 1.9 (0.32, 11.37) 0.482 1.22 (0.32, 4.57) 0.771
1
All analyses adjusted for age (continuous), parity (parous vs. nulliparous), BMI (continuous) and household income (dummy: 
<$15,000 vs. ≥$15,000 and missing vs. ≥$15,000).  Post-intervention and change in moderate-vigorous activity additionally adjusted 
for baseline moderate-vigorous activity.2Linear regression for continuous outcomes and multinomial logistic regression for categorical outcomes; 
3
IOM category definitions: 
referent
referent
referent
referent
referent
referent
Table 2.17, continued. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines 
for total weight gain and rate of weight gain by top quartile of moderate-vigorous activity, multivariable model
1
: BABY 
Study (n=216)
Baseline Moderate-Vigorous 
Activity
(top vs. bottom 3 quartiles)
Post-Intervention Moderate-
Vigorous Activity
(top vs. bottom 3 quartiles)
referent
referent
referent
Change in Moderate-
Vigorous Activity
(Increase/maintain vs. 
decrease)
185 
n % n % n % p-value
1
n % n % n % p-value
1
Demographic characteristics
Age (years)
18-19 24 11.2 5 10.0 19 11.5 0.985 21 13.0 2 6.9 19 14.3 0.332
20-24 85 39.5 20 40.0 65 39.4 64 39.5 13 44.8 51 38.4
25-29 49 22.8 11 22.0 38 23.0 36 22.2 4 13.8 32 24.1
30-40 57 26.5 14 28.0 43 26.1 41 25.3 10 34.5 31 23.3
Ethnicity
Hispanic 129 60.0 28 56.0 101 61.2 0.510 99 61.1 16 55.2 83 62.4 0.469
Non-Hispanic 86 40.0 22 44.0 64 38.8 63 38.9 13 44.8 50 37.6
Education
Less than high school 54 25.1 13 26.0 41 24.9 0.798 38 23.5 6 20.7 32 24.1 0.850
High school graduate or GED 70 32.6 14 28.0 56 33.9 53 32.7 9 31.0 44 33.1
Post high school 87 40.5 21 42.0 66 40.0 60 37.0 12 41.4 48 36.1
Missing 4 1.9 2 4.0 2 1.2 11 6.8 2 6.9 9 6.8
Household income
<$15,000 95 44.2 22 44.0 73 44.2 0.758 68 42.0 13 44.8 55 41.4 0.211
$15,000-<$30,000 30 14.0 6 12.0 24 14.6 17 10.5 1 3.5 16 12.0
≥$30,000 44 20.5 12 24.0 32 19.4 33 20.4 9 31.0 24 18.1
Don't know/refused 43 20.0 8 16.0 35 21.2 34 21.0 4 13.8 30 22.6
Missing 3 1.4 2 4.0 1 0.6 10 6.2 2 6.9 8 6.0
Quartile 1
<1
(n=50)
Quartiles 2-4
≥1
(n=165)
Table 2.18. Distribution of covariates according to baseline and post-intervention sedentary hours per week: B.A.B.Y. Study
Total Quartile 1
<1
(n=29)
Quartiles 2-4
≥1
(n=133)
Total
Post-Intervention Sedentary Activity
(hr/day; n=162)
Baseline Sedentary Activity
(hr/day; n=215)
186 
n % n % n % p-value
1
n % n % n % p-value
1
Marital status
Single/separated/divorced/widowed159 74.0 35 70.0 124 75.2 0.427 120 74.1 18 62.1 102 76.7 0.089
Married 55 25.6 15 30.0 40 24.2 41 25.3 11 37.9 30 22.6
Refused 1 0.5 0 0 1 0.6 0 0 0 0 0 0
Missing 0 0 0 0 0 0 1 0.6 0 0 1 0.8
Live with Partner
Yes 136 63.3 32 64.0 104 63.0 0.679 97 59.9 20 69.0 77 57.9 0.221
No 76 35.4 16 32.0 60 36.4 55 34.0 7 24.1 48 36.1
Missing 3 1.4 2 4.0 1 0.6 10 6.2 2 6.9 8 6.0
Adults in household
1 48 22.3 12 24.0 36 21.8 0.592 32 19.8 5 17.2 27 20.3 0.956
2 109 50.7 22 44.0 87 52.7 78 48.2 14 48.3 64 48.1
≥3 56 26.1 15 30.0 41 24.9 45 27.8 8 27.6 37 27.8
Missing 2 0.9 1 2.0 1 0.6 7 4.3 2 6.9 5 3.8
Children in household
0 48 22.3 7 14.0 41 24.9 0.263 40 24.7 5 17.2 35 26.3 0.487
1 80 37.2 22 44.0 58 35.2 61 37.7 14 48.3 47 35.3
2 58 27.0 15 30.0 43 26.1 45 27.8 8 27.6 37 27.8
≥3 26 12.1 4 8.0 22 13.3 13 8.0 1 3.5 12 9.0
Missing 3 1.4 2 4.0 1 0.6 3 1.9 1 3.5 2 1.5
Table 2.18, continued. Distribution of covariates according to baseline and post-intervention sedentary hours per week: 
B.A.B.Y. Study
Baseline Sedentary Activity
(hr/day; n=215)
Post-Intervention Sedentary Activity
(hr/day; n=162)
Total Quartile 1
<1
(n=50)
Quartiles 2-4
≥1
(n=165)
Total Quartile 1
<1
(n=29)
Quartiles 2-4
≥1
(n=133)
187 
n % n % n % p-value
1
n % n % n % p-value
1
Health status and risk factors
Parity
Nulliparous 60 27.9 13 26.0 47 28.5 0.732 52 32.1 7 24.1 45 33.8 0.311
Parous 155 72.1 37 74.0 118 71.5 110 67.9 22 75.9 88 66.2
Missing 0 0 0 0 0 0 0 0 0 0 0 0
Pre-pregnancy BMI
<25 kg/m
2
5 2.3 1 2.0 4 2.4 0.844 3 1.9 1 3.5 2 1.5 0.666
25-<30 kg/m
2
79 36.7 20 40.0 59 35.8 57 35.2 10 34.5 47 35.3
30-<40 kg/m
2
131 60.9 29 58.0 102 61.8 102 63.0 18 62.1 84 63.2
Personal history of GDM
Yes 21 9.8 6 12.0 15 9.1 0.559 16 9.9 1 3.5 15 11.3 0.308
No 175 81.4 40 80.0 135 81.8 130 80.3 24 82.8 106 79.7
Missing 19 8.8 4 8.0 15 9.1 16 9.9 4 13.8 12 9.0
Family history of diabetes mellitus
Yes 200 93.0 48 96.0 152 92.1 0.151 153 94.4 28 96.6 125 94.0 1.000
No 3 1.4 2 4.0 1 0.6 1 0.6 0 0 1 0.8
Missing 12 5.6 12 7.3 0 0 8 4.9 1 3.5 7 5.3
Table 2.18, continued. Distribution of covariates according to baseline and post-intervention sedentary hours per week: 
B.A.B.Y. Study
Baseline Sedentary Activity
(hr/day; n=215)
Post-Intervention Sedentary Activity
(hr/day; n=162)
Total Quartile 1
<1
(n=50)
Quartiles 2-4
≥1
(n=165)
Total Quartile 1
<1
(n=29)
Quartiles 2-4
≥1
(n=133)
188 
n % n % n % p-value
1
n % n % n % p-value
1
Smoking pre-pregnancy
>10 cigarettes/day 18 8.4 2 4.0 16 9.7 0.452 11 6.8 2 6.9 9 6.8 0.886
≤10 cigarettes/day 56 26.1 12 24.0 44 26.7 41 25.3 6 20.7 35 26.3
No 137 63.7 34 68.0 103 62.4 99 61.1 19 65.5 80 60.2
Missing 4 1.9 2 4.0 2 1.2 11 6.8 2 6.9 9 6.8
Smoking during pregnancy
>10 cigarettes/day 3 1.4 1 2.0 2 1.2 0.333 2 1.2 0 0 2 1.5 0.680
≤10 cigarettes/day 29 13.5 4 8.0 25 15.2 17 10.5 4 13.8 13 9.8
No 173 80.5 41 82.0 132 80.0 129 79.6 23 79.3 106 79.7
Missing 10 4.7 4 8.0 6 3.6 14 8.6 2 6.9 12 9.0
Alcohol use pre-pregnancy
Yes 101 47.0 18 36.0 83 50.3 0.102 71 43.8 12 41.4 59 44.4 0.767
No 110 51.2 30 60.0 80 48.5 80 49.4 15 51.7 65 48.9
Missing 4 1.9 2 4.0 2 1.2 11 6.8 2 6.9 9 6.8
Alcohol use during pregnancy
Yes 3 1.4 1 2.0 2 1.2 0.530 2 1.2 0 0 2 1.5 1.000
No 205 95.4 45 90.0 160 97.0 149 92.0 27 93.1 122 91.7
Missing 7 3.3 4 8.0 3 1.8 11 6.8 2 6.9 9 6.8
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes missing values and "don't know"/"refused".
Table 2.18, continued. Distribution of covariates according to baseline and post-intervention sedentary hours per week: 
B.A.B.Y. Study
Baseline Sedentary Activity
(hr/day; n=215)
Post-Intervention Sedentary Activity
(hr/day; n=162)
Total Quartile 1
<1
(n=50)
Quartiles 2-4
≥1
(n=165)
Total Quartile 1
<1
(n=29)
Quartiles 2-4
≥1
(n=133)
189 
n % n % n % p-value*
Demographic characteristics
Age (years)
18-19 20 13.8 11 12.1 9 16.7 0.896
20-24 58 40.0 37 40.7 21 38.9
25-29 31 21.4 20 22.0 11 20.4
30-40 36 24.8 23 25.3 13 24.1
Ethnicity
Hispanic 87 60.0 57 62.6 30 55.6 0.400
Non-Hispanic 58 40.0 34 37.4 24 44.4
Education
Less than high school 37 25.5 25 27.5 12 22.2 0.620
High school graduate or GED 50 34.5 29 31.9 21 38.9
Post high school 57 39.3 37 40.7 20 37.0
Missing 1 0.7 0 0 1 1.9
Household income
<$15,000 64 44.1 39 42.9 25 46.3 0.948
$15,000-<$30,000 16 11.0 10 11.0 6 11.1
≥$30,000 31 21.4 18 19.8 13 24.1
Don't know/refused 34 23.5 24 26.4 10 18.5
Marital status
Single/separated/divorced/widowed 108 74.5 65 71.4 43 79.6 0.274
Married 37 25.5 26 28.6 11 20.4
Live with Partner
Yes 93 64.1 61 67.0 32 59.3 0.345
No 52 35.9 30 33.0 22 40.7
Adults in household
1 28 19.3 15 16.5 13 24.1 0.272
2 74 51.0 51 56.0 23 42.6
≥3 43 29.7 25 27.5 18 33.3
Children in household
0 35 24.1 22 24.2 13 24.1 0.979
1 59 40.7 38 41.8 21 38.9
2 39 26.9 24 26.4 15 27.8
≥3 12 8.3 7 7.7 5 9.3
Table 2.19. Distribution of covariates according to change in sedentary hours per 
day: B.A.B.Y. Study
Change in Sedentary Activity (n=145)
Total Maintain/
Decrease
(n=91)
Increase
(n=54)
190 
n % n % n % p-value*
Health status and risk factors
Parity
Nulliparous 46 31.7 28 30.8 18 33.3 0.748
Parous 99 68.3 63 69.2 36 66.7
Pre-pregnancy BMI
<25 kg/m
2
4 2.8 4 4.4 0 0 0.169
25-<30 kg/m
2
52 35.9 29 31.9 23 42.6
30-<40 kg/m
2
89 61.4 58 63.7 31 57.4
Personal history of GDM
Yes 14 9.7 9 9.9 5 9.3 0.804
No 115 79.3 70 76.9 45 83.3
Missing 16 11.0 12 13.2 4 7.4
Family history of diabetes mellitus
Yes 137 94.5 84 92.3 53 98.2 0.391
No 1 0.7 0 0 1 1.9
Missing 7 4.8 7 7.7 0 0
Smoking pre-pregnancy
>10 cigarettes/day 11 7.6 7 7.7 4 7.4 0.698
≤10 cigarettes/day 38 26.2 22 24.2 16 29.6
No 95 65.5 62 68.1 33 61.1
Missing 1 0.7 0 0 1 1.9
Smoking during pregnancy
>10 cigarettes/day 2 1.4 1 1.1 1 1.9 0.901
≤10 cigarettes/day 17 11.7 10 11.0 7 13.0
No 122 84.1 79 86.8 43 79.6
Missing 4 2.8 1 1.1 3 5.6
Alcohol use pre-pregnancy
Yes 67 46.2 43 47.3 24 44.4 0.819
No 77 53.1 48 52.8 29 53.7
Missing 1 0.7 0 0 1 1.9
Alcohol use during pregnancy
Yes 2 1.4 1 1.1 1 1.9 1.000
No 142 97.9 90 98.9 52 96.3
Missing 1 0.7 0 0.0 1 1.9
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes missing 
values and "don't know"/"refused".
Table 2.19, continued. Distribution of covariates according to change in sedentary hours 
per day: B.A.B.Y. Study
Change in Sedentary Activity (n=145)
Total Maintain/
Decrease
(n=91)
Increase
(n=54)
191 
Measures of gestational weight gain β
1
SE p-value β
1
SE p-value β
1
SE p-value
Gestational weight gain
Total pregnancy -0.82 3.26 0.801 3.24 4.09 0.428 -0.75 3.41 0.825
Rate of weight gain
2nd and 3rd trimesters -0.06 0.11 0.586 0.10 0.14 0.467 0.12 0.11 0.290
2nd trimester -0.06 0.12 0.656 0.21 0.17 0.211 0.14 0.13 0.308
3rd trimester -0.09 0.14 0.529 -0.10 0.17 0.538 -0.02 0.14 0.911
Meeting IOM guidelines
2
OR
1
95% CI p-value OR
1
95% CI p-value OR
1
95% CI p-value
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 0.78 (0.25, 2.39) 0.661 1.10 (0.24, 4.99) 0.902 3.04 (0.78, 11.81) 0.109
Meeting IOM guidelines
Exceeding IOM guidelines 0.92 (0.39, 2.14) 0.845 1.27 (0.40, 4.07) 0.689 1.07 (0.43, 2.65) 0.881
Table 2.20. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines for total 
weight gain and rate of weight gain by bottom quartile of sedentary activity, unadjusted: BABY Study (n=205)
Change in Sedentary 
Activity
(decrease/maintain vs. 
increase)
referent
Baseline Sedentary Activity
(bottom vs. top 3 quartiles)
referent
Post-Intervention Sedentary 
Activity
(bottom vs. top 3 quartiles)
referent
192 
Meeting IOM guidelines
2
OR
1
95% CI p-value OR
1
95% CI p-value OR
1
95% CI p-value
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 3.15 (0.61, 16.14) 0.169 4.25 (0.45, 40.01) 0.206 0.58 (0.14, 2.43) 0.459
Meeting IOM guidelines
Exceeding IOM guidelines 2.78 (0.61, 12.65) 0.187 3.69 (0.46, 29.52) 0.219 0.50 (0.15, 1.66) 0.254
2nd trimester
Not achieving IOM guidelines 1.13 (0.35, 3.65) 0.845 0.80 (0.16, 4.08) 0.788 0.97 (0.27, 3.51) 0.963
Meeting IOM guidelines
Exceeding IOM guidelines 1.18 (0.43, 3.23) 0.746 1.03 (0.26, 4.04) 0.967 0.94 (0.31, 2.81) 0.905
3rd trimester
Not achieving IOM guidelines 0.51 (0.15, 1.72) 0.279 0.74 (0.16, 3.54) 0.707 2.46 (0.64, 9.55) 0.192
Meeting IOM guidelines
Exceeding IOM guidelines 0.71 (0.25, 2.03) 0.517 0.61 (0.15, 2.48) 0.487 1.27 (0.39, 4.13) 0.688
referent
referent
Table 2.20, continued. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines 
for total weight gain and rate of weight gain by bottom quartile of sedentary activity, unadjusted: BABY Study (n=205)
Baseline Sedentary Activity
(bottom vs. top 3 quartiles)
Post-Intervention Sedentary 
Activity
(bottom vs. top 3 quartiles)
Change in Sedentary 
Activity
(decrease/maintain vs. 
increase)
referent
1
Linear regression to calculate mean differences for continuous outcomes and multinomial logistic regression for categorical 
2
IOM category definitions: see table 3
referent
referent
referent
referent
referent
referent
193 
Measures of gestational weight gain β
2
SE p-value β
2
SE p-value β
2
SE p-value
Gestational weight gain
Total pregnancy -2.68 2.97 0.368 2.88 3.95 0.466 -1.52 3.48 0.664
Rate of weight gain
2nd and 3rd trimesters -0.12 0.09 0.197 0.18 0.13 0.152 0.05 0.11 0.631
2nd trimester -0.15 0.11 0.170 0.26 0.15 0.089 0.05 0.14 0.724
3rd trimester -0.15 0.13 0.242 0.04 0.16 0.825 -0.06 0.14 0.656
Meeting IOM guidelines
3
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
IOM guidelines for total pregnancy weight gain
Not achieving IOM guidelines 0.84 (0.27, 2.64) 0.022 1.13 (0.21, 5.97) 0.885 5.37 (0.99, 29.01) 0.051
Meeting IOM guidelines
Exceeding IOM guidelines 0.88 (0.37, 2.12) 0.780 1.21 (0.34, 4.30) 0.767 1.21 (0.42, 3.51) 0.727
Baseline Sedentary Activity
(bottom vs. top 3 quartiles)
Table 2.21. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines for total 
weight gain and rate of weight gain by bottom quartile of sedentary activity, multivariable model
1
: BABY Study (n=210)
Post-Intervention Sedentary 
Activity
(bottom vs. top 3 quartiles)
referent
Change in Sedentary 
Activity
(decrease/maintain vs. 
increase)
referentreferent
194 
Meeting IOM guidelines
3
OR
2
95% CI p-value OR
2
95% CI p-value OR
2
95% CI p-value
IOM guidelines for rate of weight gain
2nd and 3rd trimesters
Not achieving IOM guidelines 3.22 (0.61, 16.88) 0.167 2.61 (0.24, 28.19) 0.430 1.43 (0.23, 8.81) 0.697
Meeting IOM guidelines
Exceeding IOM guidelines 2.45 (0.52, 11.64) 0.260 2.87 (0.32, 25.91) 0.349 0.61 (0.15, 2.51) 0.494
2nd trimester
Not achieving IOM guidelines 1.08 (0.32, 3.71) 0.900 0.67 (0.11, 3.93) 0.654 1.51 (0.32, 7.21) 0.603
Meeting IOM guidelines
Exceeding IOM guidelines 1.08 (0.38, 3.08) 0.890 0.96 (0.21, 4.30) 0.958 1.06 (0.29, 3.88) 0.935
3rd trimester
Not achieving IOM guidelines 0.54 (0.16, 1.83) 0.324 1.08 (0.19, 6.03) 0.928 2.43 (0.45, 13.29) 0.304
Meeting IOM guidelines
Exceeding IOM guidelines 0.62 (0.20, 1.88) 0.397 1.18 (0.23, 5.96) 0.840 0.90 (0.20, 4.12) 0.892
referent
referent
referent
referent
referent
Table 2.21, continued. Total gestational weight gain, rate of weight gain and meeting Institute of Medicine (IOM) guidelines 
for total weight gain and rate of weight gain by bottom quartile of sedentary activity, multivariable model
1
: BABY Study 
(n=210)
Baseline Sedentary Activity
(bottom vs. top 3 quartiles)
Post-Intervention Sedentary 
Activity
(bottom vs. top 3 quartiles)
Change in Sedentary 
Activity
(decrease/maintain vs. 
increase)
referent
1
All analyses adjusted for age (continuous), marital status (married vs. not married), parity (parous vs. nulliparous), BMI (continuous) 
and pre-pregnancy smoking (yes vs. no).  Post-intervention and change in sedentary behavior additionally adjusted for baseline 
sedentary behavior.
2
Linear regression for continuous outcomes and multinomial logistic regression for categorical outcomes; 
3
IOM category definitions: 
see table 3
referent
referent referent
195 
Excessive GWG Inadequate GWG
0.7 0.28 0.27
0.6 0.51 0.48
0.5 0.77 0.72
0.4 0.95 0.91
Power*
Table 2.22. Power to detect the given odds ratios for excessive and 
inadequate GWG as compared to adequate GWG based on IOM guidelines 
by study arm, assuming 246 study participants (Exercise=123, Health and 
Wellness=123)
*Power calculated using a chi-squared test with a 0.05 two-sided significance 
Odds Ratio
196 
Mean Difference Power*
2 0.17
4 0.52
6 0.86
8 0.98
Table 2.23. Power to detect a given mean difference in 
pounds for GWG by study arm assuming 246 study 
participants (Exercise=123, Helath and Wellness=123)
*Power calculated using a Student's t-test with a 0.05 two-
sided significance level
197 
Excessive GWG Inadequate GWG
0.6 0.46 0.32
0.5 0.71 0.50
0.4 0.90 0.69
0.3 0.99 0.85
Power*
Odds Ratio
Table 2.24. Power to detect the given odds ratios for excessive and inadequate 
GWG as compared to adequate GWG based on IOM guidelines by change 
sports/exercise activity, moderate/vigorous activity and sedentary behavior 
assuming 246 participants (group 1=82, group 2=164)
*Power calculated using a chi-squared test with a 0.05 two-sided significance level
198 
Mean Difference Power*
2 0.16
4 0.48
6 0.81
8 0.97
Table 2.25. Power to detect a given mean difference in 
pounds for GWG by change sports/exercise activity, 
moderate/vigorous activity and sedentary behavior 
assuming 246 participants (group 1=82, group 2=164)
*Power calculated using Student's t-test with a 0.05 two-sided 
significance level
199 
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CHAPTER 3 
THE BEHAVIORS AFFECTING BABY AND YOU (B.A.B.Y.) STUDY: 
HEALTH BEHAVIORS OF INACTIVE PREGNANT WOMEN AT HIGH-
RISK FOR GESTATIONAL DIABETES MELLITUS 
Introduction: Public Health Impact 
 
Gestational diabetes mellitus (GDM) is one of the most common complications of 
pregnancy, affecting an estimated 2-10% of pregnant women in the United States (1).  
Pregnancy complications associated with GDM include gestational hypertension, 
preeclampsia, preterm delivery and cesarean section (11, 12), and babies born to mothers 
with GDM are at a higher risk of perinatal morbidity (11, 12, 14, 15) and obesity, glucose 
intolerance and metabolic syndrome later in life (16-19). Women with GDM are also 
significantly more likely to develop type 2 diabetes, with GDM serving as both a marker 
of susceptibility for type 2 diabetes and a potential time point for implementation of 
interventions to reduce the risk of type 2 diabetes (13).   
Recently, several modifiable health behaviors have been identified as risk factors 
for GDM.  Smoking during pregnancy has been associated with an increased risk of 
GDM, while high levels of exercise during pregnancy have been associated with a 
decreased risk. For example, several studies have noted an increased risk of GDM with 
smoking during pregnancy (132-134) and a recent meta-analysis of observational studies 
investigating the association between exercise during pregnancy and GDM risk found 
that exercise during pregnancy was associated with a 24% reduction in risk (OR=0.76, 
95% CI 0.70-0.83) (135).  There is also emerging evidence that sedentary behavior 
during pregnancy is associated with an increased risk of GDM with initial studies finding 
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a potential association between sedentary behavior and abnormal glucose tolerance and 
GDM (136, 137).   
According to 2010 Pregnancy Risk Assessment Monitoring System (PRAMS) 
survey data, approximately 10.7% (95% CI 10.2-11.2%) of women report smoking in the 
third trimester of pregnancy (138). Based on data from the National Health and Nutrition 
Examination Surveys (NHANES), only 22.9±2.99% of pregnant women in the United 
States meet guidelines for exercise in pregnancy (25) and this proportion is lower among 
Hispanic women (139). In this same dataset, a total of 22.7±3.22% of respondents 
reported that their usual daily activities involved mostly sitting, and more than 60% 
reported watching two or more hours of television per day (139).  
In light of the importance of these health risk behaviors during pregnancy, it is 
critical to identify the women who are most likely to engage in these high-risk behaviors 
in order to tailor population-level interventions aimed at reducing the risk of GDM and 
other adverse pregnancy outcomes. Identifying sociodemographic factors correlated with 
a greater likelihood of engaging in health risk behaviors during pregnancy allows for 
interventions to target the populations who would most benefit from health-promoting 
interventions.  Additionally, identifying correlates which are most strongly and 
independently associated with health risk behaviors after adjustment for other risk factors 
provides vital information on which correlates represent important barriers to modifying 
health risk behaviors in both research and clinical settings.   
Therefore we propose to investigate demographic, behavioral and medical history 
factors associated with high-risk behaviors for GDM: specifically, smoking, low levels of 
exercise, and sedentary behavior during early pregnancy. We will conduct this analysis 
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using baseline data from participants in the Behaviors Affecting Baby and You 
(B.A.B.Y.) Study. The B.A.B.Y. study was a randomized trial conducted among an 
ethnically diverse group of pregnant women at high risk for GDM receiving prenatal care 
at the ambulatory obstetrical practices of Baystate Medical Center.  For the purposes of 
the current analysis, we will use baseline data on demographic factors, behavioral factors 
and medical history factors.   
Epidemiological Research 
 Fourteen studies have published data on correlates of smoking during pregnancy 
in the past 15 years (140-153).  None of the studies were conducted among women at 
high-risk for GDM.  Of  the 9 studies conducted in the United States (140-145, 148, 152, 
153), 2 were conducted solely in Hispanic populations (142, 148) and an additional 4 
included participants of Hispanic ethnicity (143, 145, 152, 153).  In addition to the United 
States, studies were conducted in Canada (147), Australia (151), Germany (146), Sweden 
(149) and Romania (150).  Study sizes ranged from 113 participants in a longitudinal 
study in the Midwest (143) to more than 250,000 in a regional provider database in New 
South Wales (151).  Correlates of smoking during pregnancy identified include older age 
(140, 144, 146, 152), lower educational attainment (140-145, 147, 149, 150, 152, 153), 
lower household income (143, 145, 151, 152), being non-Hispanic white (145, 152, 153), 
higher pre-pregnancy BMI (146), not working during pregnancy (140), not living with a 
partner (147, 149)/not being married (144, 145, 150, 152, 153), parity (142, 144, 146, 
148, 152) and receiving adequate prenatal care (146, 147).  
 In a study investigating risk factors for smoking during pregnancy in an 
underserved community, Masho et al. enrolled 898 African American pregnant women 
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attending a university hospital in Virginia at a mean gestational age of 15.1±8.3 weeks.  
Both risk factors and smoking status were assessed through a survey, with smoking status 
classified into three exposure categories: having smoked on that day, smoking within the 
past 7 days and smoking within the past month.  A total of 17% reported smoking on that 
day, 26% in the past 7 days and 32% in the past month.  Increasing year of age was 
positively associated with smoking on that day (OR=1.06, 95% CI 1.03-1.09).  As 
compared to participants with more than a high school education, both women with a 
high school education and those not completing high school had a higher risk of current 
smoking (OR=2.76, 95% CI 1.58-4.83 and OR=5.77, 95% CI 3.27-10.16, respectively).  
Other risk factors for current smoking included being unemployed (OR=4.10, 95% CI 
2.55-6.60), single (OR=1.68, 95% CI 1.13-2.50), having public insurance (OR=2.80, 
95% CI 1.47-5.34), and using alcohol or illicit drugs during pregnancy (OR=2.94, 95% 
CI 1.93-4.48 and OR=4.18, 95% CI 2.44-7.17, respectively) (140).   
Seventeen studies published in the past 15 years have investigated correlates of 
physical activity during pregnancy (139, 142, 153-167).  Only one study included a 
population at high risk for GDM (167).  Of 10 studies conducted in the United States 
(139, 142, 153-156, 160-162, 166), 2 were conducted in Hispanic populations (142, 156) 
and an additional 6 included participants of Hispanic ethnicity (139, 153-155, 161, 166).  
In addition to the studies conducted in the United States, studies were also conducted in 
Canada (163), Australia (157), England (164), Denmark (159), Norway (165), Finland 
(167) and Brazil (158). Study sizes ranged from a small secondary analysis of 50 
participants (157) to an analysis of data from the Danish National Cohort with over 
80,000 participants (159).   
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Correlates of higher levels of physical activity in pregnancy identified included 
younger age (139, 142, 154, 157, 161, 163-165), higher educational attainment (139, 154, 
158, 160-166), higher household income (153, 155, 158, 160, 161), being non-Hispanic 
white (155, 160-163, 166), having children in the household (157), having a lower pre-
pregnancy BMI (157, 159, 165), having a history of pregnancy complications (142, 157), 
not reporting nausea and/or vomiting during pregnancy (157), having health insurance 
(139), not living with a partner (158, 159)/being unmarried (161, 164), not being 
employed during pregnancy (158, 161, 162, 164) or having higher skilled employment 
(159), being nulliparous (158-160, 165) and not smoking during pregnancy (159-161, 
165). 
 In the only study to evaluate this association among women at high risk for GDM, 
Leppänen et al. conducted secondary analysis among pregnant women enrolled in a 
randomized control trial investigating the efficacy of an exercise and dietary intervention 
on reducing the risk of GDM (167).  The study enrolled 399 pregnant women attending 1 
of 14 maternity clinics in Finland at 8-12 weeks gestation.  Participants were eligible for 
the study if they had at least one of the following risk factors for GDM: 1) BMI ≥25 
kg/m2, 2) history of GDM, glucose intolerance or an infant with macrosomia in a prior 
pregnancy, 3) family history of diabetes or 4) age ≥40 years.  Physical activity was based 
on a self-reported questionnaire administered at 8-12 weeks gestation and 26-28 weeks 
gestation.  There was the suggestion that polytechnic education versus basic education 
was associated with maintaining light-intensity activity during pregnancy (OR=1.89, 95% 
CI 0.95-3.77), that working full-time was associated with a less light-intensity activity 
(OR=0.53, 95% 0.27-1.02) and that having children in the household less than age 7 was 
 205 
associated with increasing light-intensity activity during pregnancy (OR=1.74, 95% CI 
0.91-3.31), although these findings were not statistically significant.  Although this study 
was conducted in a high-risk population, many relevant demographic and health risk 
factors were not assessed (including income, marital status/living with a partner, smoking 
during pregnancy and parity) and this study did not assess the factors associated with 
physical activity at 8-12 weeks gestation, prior to the start of the intervention (167). 
Only two studies have assessed the correlates of sedentary behavior during pregnancy 
(155, 168).  Neither study was conducted among a population at high-risk for GDM and 
both included Hispanic participants.  One study was conducted in an established cohort in 
Boston with 1442 participants (168) and one consisted of an analysis of NHANES data 
with 359 participants (155).  Factors identified as associated with increased sedentary 
behavior in pregnancy include higher household income (155), older age (155), smoking 
during pregnancy (155) and having children in the household (168). 
 Evenson et al. conducted a cross-sectional study of 359 pregnant women with 
data collected from 2003 through 2006 in the National Health and Nutrition Examination 
Survey, investigating the association between demographic and health covariates and 
sedentary behavior during pregnancy (155). The study included a diverse cohort, with 
14.8% of participants reporting Hispanic ethnicity. Mean age of participants was 26.2 
years, and mean gestational age at the time of interview was 5.2 months.  Data on 
covariates were collected through in-home interviews, and measurement of sedentary 
behavior was done through use of an accelerometer, which was worn by participants for 
one week; sedentary behavior was defined as <100 counts per minute (counts 
representing a conversion of accelerations measured). Multivariable weighted (by study 
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year) nested (by screener, household interview, examination) linear models were used to 
assess the relationship between sedentary behavior and numerous factors, including: age, 
gestational age, race/ethnicity, education, household income, marital status, current 
cigarette smoking, history of preterm birth/low birth weight delivery and currently 
insurance coverage.  An average of 424.3±9.92 sedentary minutes per day were recorded, 
comprising 57.1±0.8% of all recorded minutes.  Not currently smoking was found to be 
significantly associated with more sedentary behavior (β=68.9±21.8 min/day for non-
smokers versus smokers).  Age 16-25 years (vs. 36+ years) and household income 
≥$65,000 (vs. >$35,000) were found to be borderline significantly associated with 
sedentary behavior.  This study was strengthened by the use of an objective measure of 
sedentary behavior (155). 
 In conclusion, in the past 15 years, 14 studies have been published identifying 
correlates of smoking during pregnancy, 17 studies identifying correlates of physical 
activity during pregnancy and 2 studies identifying correlates of sedentary behavior 
during pregnancy. Only one study included a population at high risk for GDM (167), a 
target population for interventions aimed at modifying health behaviors associated with a 
higher risk for GDM, and among whom the association between correlates and health 
behaviors may differ from the general population due to many psychosocial and 
environmental factors.  Many demographic factors have been identified as being both 
linked to lower levels of physical activity and a higher odds of smoking during 
pregnancy: older age (139, 140, 142, 144, 146, 152, 154, 157, 161, 163-165), lower 
educational attainment (139-145, 147, 149, 152-154, 158, 160-166), lower household 
income (143, 145, 151-153, 155, 158, 160, 161) and having a higher pre-pregnancy BMI 
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(146, 157, 159, 165).  Additionally, several risk factors have been identified as being 
associated with lower levels of physical activity and lower rates of smoking: Hispanic 
ethnicity (145, 152, 153, 155, 160-163, 166), not living with a partner/being unmarried 
(144, 145, 147, 149, 150, 152, 153, 158, 159, 161, 164)  and being employed during 
pregnancy (140, 158, 161, 162, 164).  These studies were generally conducted among 
healthy women who were not at increased risk of poor pregnancy outcomes, and none 
investigated whether the association between demographic factors/indicators of health 
status and health behaviors varied by Hispanic ethnicity. 
Summary 
Behavioral risk factors in early pregnancy, such as smoking, low rates of physical 
activity and high amounts sedentary behavior, increase the risk of many poor pregnancy 
outcomes and may impact later health of both mother and baby.  Rates of these risk 
factors among pregnant women in the United States are high, with less than one quarter 
reporting meeting ACOG guidelines for physical activity during pregnancy (29), 
approximately one quarter reporting mostly sitting during the day (139) and 10.7% 
reporting smoking during pregnancy (138) in national surveys.  These risk factors also 
disproportionately affect women of low socio-economic status (143, 145, 151-153, 155, 
158, 160, 161), and, for low levels of physical activity and sedentary behavior, women 
who are Hispanic (155, 160-163, 166).  Identifying factors related to these health 
behaviors is important in developing potential prevention measures targeted at women at 
the greatest need of intervention, both in terms of addressing barriers that are more 
common among women who have more at-risk health behaviors and in identifying 
populations at the greatest need for interventions addressing at-risk health behaviors (e.g., 
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at the onset of pregnancy).  Although several studies have assessed these correlates in the 
general population, only one has focused on women at high-risk for GDM, a group who 
represents an ideal target population for these interventions and among whom the 
correlates associated with health behaviors during pregnancy may vary from the general 
population due to many  psychosocial and environmental factors.  Therefore, we propose 
to assess the demographic, behavioral and medical history factors associated with 
smoking during pregnancy, low levels of physical activity and sedentary behavior among 
a high risk, ethnically diverse group of pregnant women. 
Specific Aims and Hypotheses 
 
Specific Aim 1: To evaluate the association between demographic, behavioral and 
medical history factors and smoking during early pregnancy among prenatal care patients 
at high risk for GDM. 
 Hypothesis 1a: Increasing age, BMI, and parity; lower education and income; 
non-Hispanic ethnicity, not living with a partner and being unmarried will be associated 
with a higher likelihood of smoking during early pregnancy. 
Specific Aim 2: To evaluate the association between demographic, behavioral and 
medical history factors and physical activity during early pregnancy among prenatal care 
patients at high risk for GDM. 
 Hypothesis 2a: Increasing age and parity; lower education and income; Hispanic 
ethnicity, not having children in the household, living with a partner, being married and 
smoking during pregnancy will be associated with lower levels of sports/exercise and 
moderate-vigorous activity during early pregnancy. 
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Specific Aim 3: To evaluate the association between demographic, behavioral and 
medical history factors and sedentary behavior during early pregnancy among prenatal 
care patients at high risk for GDM. 
Hypothesis 3a: Higher income and age; smoking during pregnancy and having 
children in the household will be associated with higher levels of sedentary behavior 
during early pregnancy. 
Specific Aim 4: To evaluate the association between demographic, behavioral and 
medical history factors and the joint risk of smoking, low levels of physical activity and 
sedentary behavior during early pregnancy among prenatal care patients at high risk for 
GDM. 
Hypothesis 4a: Higher income, age, BMI  and parity; lower education and 
income; not living with a partner/being unmarried and having children in the household 
will be associated with higher levels of smoking, low levels of physical activity and 
sedentary behavior during early pregnancy. 
Methods 
 
Study Design and Study Population 
 
The B.A.B.Y. Study was a randomized controlled trial conducted between 2007- 
2012 designed to assess the effectiveness of a 12-week exercise intervention during 
pregnancy on reducing the risk of GDM. The B.A.B.Y. Study was based in the 
ambulatory obstetrical practices of Baystate Medical Center, a large tertiary care facility 
in Western Massachusetts serving an ethnically and socioeconomically diverse 
population and delivering approximately 4500 infants each year.  The majority of patients 
receiving prenatal care at Baystate Medical Center live in Holyoke and Springfield, both 
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cities with relatively large Hispanic populations (38.8% in Springfield and 48.4% in 
Holyoke, according to the 2010 Census) (51).  Pregnant women were provided with 
information on study aims at a prenatal care visit early in pregnancy, at approximately 
10-12 weeks gestation, and if interested were asked to provide informed consent before 
completing a brief screening form to determine eligibility.  Participants who were eligible 
based on the screening form had their medical records reviewed by a study physician to 
additionally exclude those with contraindications to moderate exercise during pregnancy.  
The main inclusion criteria for the study was being at high risk for GDM.  Being 
at high risk for GDM was defined as meeting one of the following criteria: 1) having 
experienced gestational diabetes in a prior pregnancy, or 2) having both a family history 
of GDM and a body mass index (BMI) greater than 25 kg/m
2
.  Being inactive was 
defined as not exceeding 30 minutes of moderate or vigorous activity on 3 or more days 
per week.  Women were excluded from the study if they were younger than 18 or older 
than 40 years of age, were at more than 20 weeks gestation,  were unable to read English 
at a 6
th
 grade level, did not plan to deliver at Baystate Medical Center, had a non-
singleton pregnancy, had contraindications to engaging in moderate exercise, were 
currently taking medications that adversely influenced glucose tolerance or had a 
personal history of diabetes outside of pregnancy, hypertension, heart disease or chronic 
renal disease.  In total, 488 women met the initial inclusion criteria for the B.A.B.Y. 
Study. 
Eligible participants were block randomized in groups of 8 based on age group 
(<30 or >30 years), pre-pregnancy BMI (≥25 kg/m2 or <25 kg/m2) and ethnicity 
(Hispanic or non-Hispanic) into either the exercise intervention group or a comparison 
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health and wellness intervention.  Both the exercise intervention and health and wellness 
intervention were 12-week programs ending at or near the time of routine GDM screen at 
24-28 weeks gestation.  Contact time with health educators and quantity of material 
provided was standardized across groups, with both receiving one face-to-face visit at 
baseline, and weekly and biweekly telephone booster calls and mailed informational 
materials throughout the 12 week program.   
The goal of the exercise intervention was to encourage participants to meet the 
American College of Obstetricians and Gynecologists’ (ACOG) criteria for exercise 
during pregnancy (30 minutes per day on most days of the week) (26). The exercise 
intervention was tailored to each participant, taking into account her baseline exercise, 
her readiness to change and her lifestyle and preferences for exercise.  At the baseline 
face-to-face meeting a health educator administered a Tailoring Questionnaire to assess 
each participant’s baseline exercise level and motivational readiness to change. Through 
individual counseling, women were encouraged to increase their exercise 10% each week 
from their baseline level and given flexibility in choosing the timing of exercise (multiple 
short bouts of 10 minutes each versus one session) and type of exercise, with an emphasis 
on increasing day-to-day physical activities such as walking. Participants’ stage of 
change was be used to provide stage-matched motivational targeted content.   
Changes in each participant’s stage of change were assessed throughout the 
intervention using monthly mailed follow-up Tailoring Questionnaires (with postage-paid 
envelopes), allowing subsequent intervention content to be tailored to participants’ 
behavioral changes.  Weekly and biweekly booster telephone calls provided 
motivationally-based individualized feedback regarding progress towards exercise goals.  
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Participants not meeting exercise goals were given additional exercise counseling focused 
on addressing barriers to exercise.   
Women in the comparison group received a 12-week health and wellness 
intervention.   At the baseline face-to-face visit, participants were provided an ACOG 
publication covering topics related to a healthy pregnancy (including prenatal care, labor 
and delivery, breastfeeding and child care options) and the health educator discussed 
general issues related to health and wellness during pregnancy with participants.  After 
the baseline visit, participants received weekly and biweekly mailings of ACOG 
informational brochures on healthy pregnancy topics, representing the high-quality low-
cost self-help material generally available to the public, and weekly and biweekly booster 
telephone calls to answer questions regarding the content of the brochures on the same 
schedule as the exercise intervention group.  
Outcome Assessment 
 
Three outcomes were of interest in this study: Smoking during pregnancy, 
exercise during pregnancy and sedentary behavior during pregnancy.   
Smoking during pregnancy was assessed through self-report on a questionnaire 
given at baseline, with questions adapted from the PRAMS survey (138).  Participants 
reported ever smoking during pregnancy, as well as frequency of smoking (<10 
cigarettes/day, >=10 cigarettes/day).  Smoking during pregnancy was assessed as a 
dichotomous variable, categorizing participants into “current smokers” and “non-
smokers”.  Participants were considered current smokers if they reported smoking one or 
more cigarettes per day during pregnancy, and non-smokers if they reported either not 
smoking during pregnancy or smoking less than one cigarette per day. 
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Validity of self-reported smoking during pregnancy has been assessed in the 
literature by comparing self-reported smoking to plasma cotinine levels. Findings suggest 
that women accurately report their smoking during pregnancy.  Kvalvik et al. conducted a 
study in Norway comparing self-reported smoking and plasma cotinine levels at 17-18 
weeks gestation for 2997 pregnant women (169).  When using a cut-point of 30 nmol/L 
to define active smokers versus passive smokers, the association between cotinine-
determined smoking status and self-report had a sensitivity of 82% and a specificity of 
99%, suggesting that there was a strong correlation between objective measures of 
exposure to nicotine and self-reported smoking (169).   
The physical activity outcomes of interest, self-reported: 1) sports/exercise 
activity and 2) moderate-vigorous intensity activity, will be based upon responses to the 
33-item Pregnancy Physical Activity Questionnaire (PPAQ) administered at baseline.  On 
the PPAQ, participants were asked to report the relative duration in which they engaged 
in sports/exercise, occupational, household and transportation activities of sedentary, 
light, moderate and vigorous intensity.  Metabolic equivalent of task (MET) hours per 
week were assigned to each activity by multiplying the hours reportedly spent engaged in 
each activity by the METs assigned to the activity according to the 2011 Compendium of 
Physical Activities, except for MET values for walking and light- and moderate-intensity 
household activity, which were derived from field-based measurements in pregnant 
women (52, 54, 55).  Total sports/exercise MET-hrs/wk will be calculated by summing 
the MET-hrs/wk for all activities falling under that domain (walking for exercise, 
jogging, swimming, dancing, attending an exercise class and open ended responses to 
“other things for fun or exercise”), and total moderate-vigorous activity will be calculated 
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by summing the MET-hrs/wk for all activities of moderate or vigorous activity (all 
activities under sports/exercise, as well as active childcare, care for an older adult, yard 
work, walking quickly for transportation and walking quickly and/or carrying heavy 
objects at work).  Total sports/exercise activity and moderate-vigorous activity will then 
be divided into a top quartile and lower three quartiles for the purposes of analysis. 
Sedentary behavior was assessed using the PPAQ outlined above.  All reported 
sedentary behaviors (watching television, non-work computer use and sitting while 
reading or talking on the phone) will be summed to calculate total sedentary behavior in 
hours per day.  The lower quartile of total sedentary hours per day will be compared to 
the upper three quartiles for the purposes of analysis.  
The PPAQ has been validated in a population of women attending prenatal care at 
Baystate Medical Center.  Interclass correlation coefficients for reproducibility were 0.82 
for moderate activity, 0.81 for vigorous activity and 0.83 for sports/exercise activity.  
When compared against minutes per day of moderate-vigorous activity as measured 
through actigraph data, classifying average counts per minute of data as moderate-
vigorous versus sedentary-light using three separate cut-points for activity level based on 
actigraph data, Spearman correlation coefficients ranged from 0.08-0.43 for total activity, 
0.20-0.49 for moderate activity, 0.25-0.34 for vigorous activity and 0.30-0.44 for 
sports/exercise (54). 
Exposure Assessment 
 
Demographic characteristics of interest include age, Hispanic ethnicity, education, 
household income, marital status/living with a partner, number of adults in a household 
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and number of children in a household.  Data on demographic factors were collected at 
enrollment through self-report. 
Behavioral factors of interest include pre-pregnancy alcohol use, as well as early 
pregnancy sports/exercise activity and sedentary behavior where smoking is the outcome, 
and early pregnancy smoking where sports/exercise activity, moderate-vigorous activity 
and sedentary behavior are outcomes.  Data on behavioral factors were collected at 
enrollment through self-report. 
Medical history factors include parity, pre-pregnancy BMI, personal history of 
GDM and family history of diabetes.   Data on medical history factors were obtained 
through self-report (BMI, personal history of GDM and family history of diabetes) and 
abstracted from medical records (parity). 
 
Data Analysis 
 
Aim 1: Correlates of Early Pregnancy Smoking 
Specific Aim 1: To evaluate the association between demographic, behavioral and 
medical history factors and smoking during early pregnancy among prenatal care patients 
at high risk for GDM. 
Univariate Analysis: Descriptive analyses will be conducted to summarize 
demographic, behavioral and medical history factors as well as smoking during 
pregnancy.  Numbers and frequencies will be calculated for categorical variables (Tables 
1+2). 
Bivariate Analysis: Bivariate analyses will cross-tabulate demographic, 
behavioral and medical history factors by smoking during pregnancy (Table 2), using 
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Pearson’s chi square or Fisher’s exact test for categorical variables.  An initial logistic 
regression model will be used to demonstrate the bivariate association between 
demographic, behavioral and medical history factors and smoking during pregnancy 
(Table 3).   
Multivariate Analysis: Multivariable logistic regression will be used to determine 
independent associations between demographic, behavioral and medical history factors 
and smoking during pregnancy (Table 4).  Likelihood ratio tests will be used to build a 
stepwise model, and any covariate with a LR test with a significance level below p=0.05 
will be included in the model. 
Hispanic ethnicity will be evaluated as effect modifier by including interaction 
terms in multiple logistic regression models.  If adding Hispanic ethnicity as an 
interaction term in a multivariable model is associated significant likelihood ratio test for 
the full versus reduced model, the results will be stratified by Hispanic ethnicity.  
 
Aim 2: Correlates of Low Physical Activity in Early Pregnancy 
Specific Aim 2: To evaluate the association between demographic, behavioral and 
medical history factors and physical activity during early pregnancy among prenatal care 
patients at high risk for GDM. 
Univariate Analysis: Descriptive analyses using the same techniques as described 
under aim 1 will be used to summarize demographic, behavioral and medical history 
factors, as well as sports/exercise and moderate-vigorous activity during early pregnancy.  
Numbers and frequencies will be calculated for categorical variables (Tables 1, 5). 
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Bivariate Analysis: Bivariate analyses will cross-tabulate demographic, 
behavioral and medical history factors by sports/exercise activity and moderate-vigorous 
activity (Tables 5+6), using Pearson’s chi square or Fisher’s exact test for categorical 
variables.  An initial logistic regression model will be used to demonstrate the association 
between demographic, behavioral and medical history factors and the top quartile vs. 
lower three quartiles for sports/exercise activity and moderate-vigorous activity (Tables 
7+9).   
Multivariate Analysis: Multivariable logistic regression will be used to determine 
the independent associations between demographic, behavioral and medical history 
factors and the top quartile vs. lower three quartiles for sports/exercise activity and 
moderate-vigorous activity (Tables 8+10).  Likelihood ratio tests will be used to build a 
stepwise model, and any covariate with a LR test with a significance level below p=0.05 
will be included in the model. 
Hispanic ethnicity will be evaluated as effect modifier by including interaction 
terms in multiple logistic regression models.  If adding Hispanic ethnicity as an 
interaction term in a multivariable model is associated significant likelihood ratio test for 
the full versus reduced model, the results will be stratified by Hispanic ethnicity.  
 
Aim 3: Correlates of High Sedentary Behavior in Early Pregnancy 
Specific Aim 3: To evaluate the association between demographic, behavioral and 
medical history factors and sedentary behavior during early pregnancy among prenatal 
care patients at high risk for GDM. 
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Univariate Analysis: Descriptive analyses will be conducted to summarize 
demographic, behavioral and medical history factors as well as sedentary behavior in 
early pregnancy.  Numbers and frequencies will be calculated for categorical variables 
(Tables 1+11). 
Bivariate Analysis: Bivariate analyses will cross-tabulate demographic, 
behavioral and medical history factors by sedentary behavior (Table 11), using Pearson’s 
chi square or Fisher’s exact test for categorical variables.  An initial logistic regression 
model will be used to demonstrate the association between demographic, behavioral and 
medical history factors and the lower quartile vs. top three quartiles for sedentary 
behavior during pregnancy (Table 12).   
Multivariate Analysis: Multivariable logistic regression will be used to determine 
the independent associations between demographic, behavioral and medical history 
factors and the lower quartile vs. top three quartiles for sedentary behavior during 
pregnancy (Table 13).  Likelihood ratio tests will be used to build a stepwise model, and 
any covariate with a LR test with a significance level below p=0.10 will be included in 
the model. 
Hispanic ethnicity will be evaluated as effect modifier by including interaction 
terms in multiple logistic regression models.  If adding Hispanic ethnicity as an 
interaction term in a multivariable model is associated significant likelihood ratio test for 
the full versus reduced model, the results will be stratified by Hispanic ethnicity.  
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Aim 4: Correlates of the Index Variable 
Specific Aim 4: To evaluate the association between demographic, behavioral and 
medical history factors and the joint risk of smoking, low-levels of physical activity and 
sedentary behavior during early pregnancy among prenatal care patients at high risk for 
GDM. 
Univariate Analysis: Descriptive analyses will be conducted to summarize 
demographic, behavioral and medical history factors as well as an index variable for 
number of health risk behaviors (smoking, low-levels of moderate-vigorous activity and 
high sedentary behavior) engaged in during pregnancy.  Numbers and frequencies will be 
calculated for categorical variables (Tables 1+14). 
Bivariate Analysis: Bivariate analyses will cross-tabulate demographic, 
behavioral and medical history factors by the index variable for number of health risk 
behaviors engaged in during pregnancy (Table 14), using Pearson’s chi square or Fisher’s 
exact test for categorical variables.  An initial logistic regression model will be used to 
demonstrate the bivariate association between demographic, behavioral and medical 
history factors and engaging in at least one health risk behavior (Table 15) and at least 
two health risk behaviors (Table 17) during pregnancy. 
Multivariate Analysis: Multivariable logistic regression will be used to determine 
the independent associations between demographic, behavioral and medical history 
factors and engaging in at least one health risk behavior (Table 16).  Likelihood ratio tests 
will be used to build a stepwise model, and any covariate with a LR test with a 
significance level below p=0.10 will be included in the model. 
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Hispanic ethnicity will be evaluated as effect modifier by including interaction 
terms in multiple logistic regression models.  If adding Hispanic ethnicity as an 
interaction term in a multivariable model is associated significant likelihood ratio test for 
the full versus reduced model, the results will be stratified by Hispanic ethnicity.  
 
Power and Sample Size 
A total of 488 women were initially enrolled into the B.A.B.Y. Study.  The 
proportion of participants with given demographic, behavioral and medical history 
factors in an initial analysis of the study population (prior to completion of recruitment) 
were: age (51.8% <25 years, 20.9% 25-<30 years and 27.3% >30 years), ethnicity (60.2% 
Hispanic and 39.8% non-Hispanic), education (20.9% less than high school, 38.2% high 
school and 40.9% post high school), income (56.6% <15K, 15.7% 15-<30K and 27.7% 
>30K), marital status (25.5% married and 74.5% not married), living with a partner 
(64.5% yes and 35.5% no), number of adults in household (22.0% 1 adult, 48.6% 2 adults 
and 29.4% 3 or more adults), number of children in household (21.2% 0 children, 44.0% 
1 child and 34.9% 2 or more children) and pre-pregnancy BMI (42.2% <30 kg/m2 and 
57.8% >30 kg/m2) (170).   
From the same initial analysis of the study population, a rate of reported smoking 
of 12.0% was found (170).  Given the above estimates, the powers to detect a range of 
odd ratios (OR=0.4-0.6) for the bivariate association between select demographic, 
behavioral and medical history factors and smoking during pregnancy is presented in 
table 18.  These odds ratios are conservative given the significant odds ratios found in 
past research, for example: OR=3.26 for lower education and smoking (140), OR=2.1 for 
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parity and smoking (142) and OR=1.90 for older age and smoking (152).  Again given 
the above estimates, the powers to detect a given range of odds ratios for the bivariate 
association between select demographic, behavioral and medical history factors and the 
top quartile of sports/exercise activity and moderate/vigorous activity and the bottom 
quartile of sedentary behavior are presented in table 19.   
Results 
Study Population Characteristics 
 
 Of the 488 participants initially enrolled in the study, 383 had data on smoking at 
baseline (105 were missing data on smoking), 375 had data on moderate-vigorous 
activity (113 were missing data on moderate-vigorous activity), 381 had data on 
sports/exercise activity (107 were missing data on sports/exercise activity), 373 had data 
on sedentary behavior (115 were missing data on sedentary behavior) and 341 had 
complete data for the index variable combining smoking (147 were missing data for the 
index variable), low-levels of moderate-vigorous activity and sedentary behavior and 
were include in the final analyses (Figure 1, Table 1).   
 At baseline, 63 (16.5%) of participants reported smoking.  The median 
sports/exercise activity was 3.8 (IQR 0.4, 10.3) MET-hrs/wk and median moderate-
vigorous activity was 64.4 (IQR 28.0, 124.8) MET-hrs/wk.  The median sedentary 
behavior was 2 (IQR 1, 4) hrs/day.  A total of 149 (43.8%) participants engaged in none 
of these health risk behaviors, 150 (44.1%) engaged in 1 health risk behavior, 37 (10.9%) 
engaged in 2 health risk behaviors and 4 (1.2%) engaged in 3 health risk behaviors (Table 
1, Figure 2).   
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 The majority of study participants were young (46.5% less than 25 years), 
Hispanic (54.3%), low-income (55.3% with household incomes less than $30,000/year) 
and with low to moderate levels of educational attainment (58.0% did not receive 
education beyond high school).  Most participants reported living with a partner (64.0%) 
and one-quarter were married (28.5%).  The majority of participants were parous (65.0%) 
and overweight (33.7%) or obese (61.9%).  Over one-tenth had a history of GDM in a 
prior pregnancy (13.1%), and the majority had a family history of type 2 diabetes in a 
first-degree relative (90.9%) (Table 2). 
 
Aim 1: Correlates of Smoking during Early Pregnancy 
 Participants were significantly more likely to smoke if they had lower education, 
a lower income, were not married, did not live with a partner, lived in a household with 
no other adults, smoked pre-pregnancy, drank alcohol pre-pregnancy and were more 
sedentary in early pregnancy (Table 2).  Having less than a high school education was 
associated with a 2-fold greater odds of smoking as compared to having greater than a 
high school education (OR 2.3, 95% CI 1.2, 4.5).  Having a household income less than 
$30,000 was associated with a 5-fold higher odds of smoking than having a household 
income greater than $30,000 (OR 5.1, 95% CI 1.6, 16.6 for $15-<30,000; OR 6.6, 95% 
CI 1.6, 16.6 for <$15,000).  Having consumed alcohol pre-pregnancy was associated with 
a 2-fold greater odds of smoking as compared to not having consumed alcohol pre-
pregnancy (OR 1.96, 95% CI 1.12, 3.44) Being married was associated with an 80% 
lower odds of smoking as compared to being unmarried (OR 0.18, 95% CI 0.07, 0.45), 
and living with a partner was associated with 50% lower odds of smoking as compared to 
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not living with a partner (OR 0.47, 95% CI 0.27, 0.81).  Living with another adult was 
associated with a 50% lower odds of smoking as compared to living alone (OR 0.41, 95% 
CI 0.21, 0.78).  (Table 3).   
 Similar to the bivariate analysis, in the multivariate analysis having a household 
income less than $30,000 was associated with an approximately 5-fold increased odds of 
smoking as compared to having a household income greater than $30,000.  Being married 
was associated with a 80% lower odds of smoking as compared to living without a 
partner, while living with a partner without being married was not significantly 
associated with smoking.  Unlike the bivariate analysis, education was not significantly 
associated with smoking (Table 4). In addition, younger age was associated with a lower 
odds of smoking.  As compared to participants who were aged 30 years or older, those 
18-19 had a 75% lower odds of smoking, those 20-24 a 65% lower odds, and those 25-29 
a 54% lower odds.  Being Hispanic was associated with a 50% lower odds of smoking 
during early pregnancy as compared to being non-Hispanic (Table 4). 
 
Aim 2: Correlates of Self-Reported Physical Activity during Early Pregnancy 
 None of the demographic, behavioral, and medical history covariates were 
significantly associated with sports/exercise activity (Tables 5 and 7). In contrast, 
younger age and not having children in the household were significantly associated with 
low-levels of moderate-vigorous activity (Table 6).  Participants aged 18-19 had a 3-fold 
odds of being in the bottom quartile for moderate-vigorous activity as compared to 
participants aged 30 or older (OR 2.83, 95% CI 1.28, 6.30).  Participants with children in 
the household had a 50% lower odds of being in the bottom quartile for moderate-
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vigorous activity as compared to participants with no children in the household (OR 0.49, 
95% CI 0.27, 0.89 for 1 child in household; OR 0.46, 95% CI 0.23, 0.89 for 2 children in 
household) (Table 9). 
In the multivariable analysis, none of the covariates were significantly associated 
with sports/exercise activity (Table 8), while having children in the household was the 
only covariate that remained significantly associated with moderate-vigorous activity 
(Table 10). 
 
Aim 3: Correlates of Sedentary Behavior in Early Pregnancy 
 In the bivariate analysis, having a lower household income, being unmarried, not 
living with a partner and pre-pregnancy smoking were associated with higher levels of 
sedentary behavior in early pregnancy (Table 11).  A household income less than $30,000 
was associated with an approximate 3-fold higher odds of being in the top quartile for 
sedentary behavior as compared to a household income greater than $30,000 (OR 3.48, 
95% CI 1.54, 7.87 for $15-30,000; OR 2.95, 95% CI 1.43, 6.10 for <$15,000).  Being 
married was associated with a 50% lower odds of being in the top quartile of sedentary 
activity (OR 0.50, 95% CI 0.28, 0.87), and living with a partner was associated with a 
40% lower odds (OR 0.60, 95% CI 0.37, 0.97).  Having children in the household was 
associated with an approximately 50% lower odds of being in the top quartile of 
sedentary behavior as compared to not having children in the household (OR 0.54, 95% 
CI 0.30, 0.98 for 1 child in household; OR 0.45, 95% CI 0.23, 0.89 for 2 children in 
household).  Smoking less than 10 cigarettes per day pre-pregnancy was associated with a 
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2-fold greater odds of being in the top quartile of sedentary activity as compared to not 
smoking pre-pregnancy (OR 1.95, 95% CI 1.06, 3.59) (Table 12).  
 Similar to the bivariate analysis, in the multivariable analysis, having a household 
income less than $30,000 was associated with an approximately 2.5-fold increased odds 
of being in the top quartile of sedentary activity as compared to having a household 
income greater than $30,000.  Also, having children in the household was similarly 
associated with a 50% lower odds of being in the top quartile of sedentary behavior as 
compared to not having children in the household.  Unlike the bivariate analysis, living 
with a partner or being married were not associated with sedentary behavior, but having 
other adults in the household was associated.  Participants who lived with other adults 
had a 2-fold higher odds of being in the top quartile of sedentary behavior as compared to 
those living alone (Table 13). 
 
Aim 4: Correlates of the Index Variable for Smoking, Low Levels of Moderate-
Vigorous Activity and Sedentary Behavior 
 A lower household income, being unmarried and living without a partner were 
significantly associated with engaging in more health risk behaviors during early 
pregnancy Table 14).  Participants with household incomes less than $30,000 had a 3-
fold greater odds of engaging in at least one health risk behavior as compared to those 
with incomes greater than $30,000 (OR 2.73, 95% CI 1.34, 5.56 for $15-<30,000; OR 
3.00, 95% CI 1.68, 5.35 for <$15,000).  Being married and living with a partner were 
each associated with an approximate 60% lower odds of engaging in at least one health 
risk behavior (OR 0.39, 95% CI 0.24, 0.64 for being married; OR 0.44, 95% CI 0.27, 
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0.70 for living with a partner).  Having 1 or 2 children in the household was associated 
with an approximate 60% lower odds of engaging in at least 1 health risk behavior as 
compared to having no children in the household (OR 0.44, 95% CI 0.24, 0.81 for 1 child 
in household; OR 0.39, 95% CI 0.20, 0.74 for 2 children in household), and being parous 
was associated with a 50% lower odds (OR 0.55, 95% CI 0.33, 0.91) (Table 15). 
 In the multivariable analysis, only household income and being married remained 
significantly associated with engaging in at least one health risk behavior.  Having a 
household income less than $30,000 was associated with an approximate 2.5-fold greater 
odds of engaging in at least one health risk behavior as compared to having a household 
income greater than $30,000.  Being married was associated with a 67% lower odds of 
engaging in at least one health risk behavior as compared to not living with a partner 
(Table 16). 
Discussion 
Summary of Findings 
 In this cross-sectional study examining correlates of health risk behaviors during 
early pregnancy, we found that having a lower education, a lower income, not being 
married or living with a partner, living in a household with no other adults, drinking 
alcohol pre-pregnancy and a higher level of sedentary activity in early pregnancy were 
significant positive predictors of smoking in bivariate analyses.  After adjusting for other 
factors, we additionally found that older age and being non-Hispanic white were 
significantly independently associated with smoking in early pregnancy.  Being younger 
and not having children in the household were significantly inversely associated with 
moderate-vigorous activity in bivariate analyses.  Having a lower household income, not 
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being married or living with a partner, and pre-pregnancy smoking were significant 
positive predictors of sedentary behavior.  
Consistency with Prior Literature 
 In this study, 16.5% of participants reported smoking in early pregnancy. This 
rate is similar to the 10.7% of pregnant women who reported smoking in the 3
rd
 trimester 
in the 2010 PRAMS survey (138).  It is also consistent with the prevalence of 21.1% 
found in a study conducted only among Hispanic women in Springfield, MA by 
Gollenberg et al. (142).  In the current study, participants engaged in a median of 3.8 
(IQR 0.4, 10.3) MET-hrs per week of sports/exercise activity, which is lower than the 8.6 
(SD 0.9) MET-hrs/wk of leisure moderate-vigorous activity reported by Evenson et al. 
among 638 pregnant women participating in NHANES from 2003-2006 (139).  The 
lower rate of sports/exercise activity in this study is not unexpected, as participation was 
restricted to women who did not meet ACOG guidelines for physical activity during 
pregnancy.  In a cross-sectional study by Schmidt et al. among 233 pregnant women in 
the Springfield, MA area, it was found that participants reported on average 36.4 MET-
hrs/wk of moderate vigorous activity, which is lower than the 64.4 (IQR 28.0, 124.8) 
MET-hrs/wk reported in this study (166).  The study by Schmidt et al. did not use a 
pregnancy physical activity questionnaire and therefore may not have fully captured 
household/childcare sources of moderate activity, which may in part explain the 
difference in reported moderate-vigorous activity between the studies.  In the current 
study, median sedentary time was 2 (IQR 1, 4) hours per day, which is similar to the 
amount of sedentary time reported in Evenson et al., in which 63.2% of participants 
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reported 2 or more hours of television time per day (the activity that makes up the 
majority of the sedentary measure) (139).   
 Our findings for correlates of smoking during pregnancy were consistent with the 
general findings from 14 previous studies.  For example, in a study conducted among 902 
African American women in Virginia, Masho et al. found that a less than high school or 
high school education was associated with a significantly greater odds of smoking in 
early pregnancy (OR 2.76, 95% CI 1.58, 4.83 and OR 5.77, 95% CI 3.27, 10.16, 
respectively), and that living alone was associated with a 70% greater odds of smoking in 
the past month (OR=1.68, 95% CI 1.13-2.50) in bivariate analyses (140).  Although 
several previous studies have found a significant positive association between alcohol 
consumption during pregnancy and smoking during pregnancy (140, 142, 145, 147, 149, 
152), our findings of an association between pre-pregnancy alcohol consumption and 
smoking during pregnancy, as well as sedentary behavior during early pregnancy and 
smoking during pregnancy, add to only one previous paper that looked at these 
associations (148).  Haskins et al. conducted a cross-sectional study among 351 Hispanic 
pregnant women in the Springfield MA area, and found a significant association between 
more time spent watching television and a lower odds of quitting smoking during 
pregnancy (OR 0.43, 95% CI 0.22, 0.81 for 4+ hours/day versus <1 hour/day television 
time) and found no significant association between pre-pregnancy alcohol consumption 
and smoking during pregnancy (148).  Additionally, we observed a significant 
association between  having other adults living in the household and a lower odds of 
smoking during pregnancy, which expands on findings from this study and previous 
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studies indicating a that living with a partner or significant other is associated with a 
lower odds of smoking during pregnancy (140, 144, 147, 149, 150, 152). 
 Our findings for correlates of physical activity during early pregnancy were 
similar to findings from 17 previous studies.  For example, in a study conducted among 
399 women at high-risk for gestational diabetes in Finland, Leppänen et al. found that 
women who had children in the household aged less than 7 years had a 75% greater odds 
of increasing their light-intensity activity during pregnancy (OR=1.74, 95% CI 0.91-3.31) 
in bivariate analyses (167).    
Our findings for correlates of sedentary behavior were different as compared to 
the two previous studies which investigated this topic; both adjusted for other correlates 
using multivariable models.  For example, in an analysis of NHANES data from 2003-
2006 with data from 359 women, Evenson et al. found that not smoking during 
pregnancy was associated with more sedentary behavior (β=68.9±21.8 min/day for non-
smokers versus smokers), opposite of our findings of a positive association between 
smoking pre-pregnancy and sedentary behavior in early pregnancy in the bivariate model 
(155).  Evenson et al. also found that a higher household income was non-significantly 
associated with more sedentary behavior, in contrast to our findings of increased 
sedentary behavior for those with low household incomes in both the bivariate and 
multivariable models (155).  In a second study investigating correlates of sedentary 
behavior during pregnancy in Boston, MA among 1442 women, Pereira et al. found that 
having children in the household was associated with a sedentary lifestyle during 
pregnancy (aOR 1.58, 95% CI 1.07, 2.32) (168), while in our study we found that having 
children in the household was associated with a lower odds of engaging in high levels of 
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sedentary behavior.  Adding to the findings from these two studies, we additionally found 
that being unmarried and not living with a partner were associated with higher levels of 
sedentary behavior in bivariate models.   
Limitations 
 There are several limitations that may have affected our study.  It is likely that 
non-differential misclassification of the demographic, behavioral, and medical history 
correlates occurred.  Data on demographic and behavioral factors were obtained through 
self-report.  Participants may have misreported these correlates due to many factors, 
including beliefs about the social desirability of a given response or having difficulty 
estimating an average value for an answer (such as household income). However, it is 
unlikely that any of these misclassifications differed by smoking status, physical activity 
level or sedentary behavior, and therefore any misclassification of exposure will likely 
bias results towards the null.  Nondifferential misclassification of exposure was 
minimized in this study by adapting questions from earlier validated questionnaires.  In 
addition, the medical history variables were abstracted from medical records. 
Non-differential misclassification of the health risk behaviors is also quite likely 
to have occurred.  Study participants self-reported their smoking, physical activity and 
sedentary behavior.  Both over- and under-reporting are possible, as participants may 
have experienced difficulty accurately determining their average amounts of each type of 
activity or may have modified their responses due to perceived social desirability.  
However, nondifferential misclassification of physical activity and sedentary behavior 
was likely minimized through use of a questionnaire validated in a similar study 
population (52, 53), and the validity of self-report of smoking has been demonstrated in 
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past studies (169). Any nondifferential misclassification of outcome would likely bias the 
results towards the null.   
Selection bias could be a concern in this cross-sectional analysis of baseline 
characteristics of participants in an intervention study.   The intervention study consisted 
of an exercise intervention during pregnancy, with follow-up over the course of a 12-
week period. Participants who self-selected to participate may have been healthier, more 
highly motivated by health-related factors, or had greater time and/or resources to devote 
to participating in an exercise program than those who did not agree to participate.  To 
the degree that these characteristics are related to likelihood of smoking, physical activity 
and sedentary behavior, selection bias could be introduced. For example, based on prior 
research, living alone/being unmarried is associated with a greater likelihood of smoking 
(144, 145, 147, 149, 150, 152, 153), and if participants who both smoked and did not live 
with a partner/were unmarried were less likely to participate, this would bias the results 
away from the null. 
Information bias is unlikely in this study.  Participants were unaware of the 
objectives of the present analysis when reporting demographic factors, behavioral factors, 
medical history factors, physical activity and smoking during pregnancy.  In addition, the 
health interviewers were unaware of the study hypotheses.  
Confounding will only enter this study in the multivariable analysis.  The goal of 
the adjusted analysis is to identify the correlates with the strongest independent 
associations with each health behavior, and adjustment for the potential confounders of 
each independent association is important to determine this.  For example, although 
education and income may both be correlated with smoking in bivariate models, if only 
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income remains independently associated with smoking in a multivariable model, this 
would suggest that income may be a stronger factor in smoking behavior during 
pregnancy than education, and interventions should potentially strive to focus on this 
barrier.  Many of the measures of exposure – such as income, education and living with a 
partner/being married – are proxies for social and environment exposures that are 
difficult to measure, such as access to adequate resources and social support.  For 
example, if income is found to be inversely related to smoking during pregnancy, as it 
has been in several previous studies (143, 145, 151, 152), it is unlikely that having a 
lower income in itself results in a higher likelihood of smoking during pregnancy, but 
rather that the cluster of risk factors associated  with having a low income are linked to a 
higher risk of smoking during pregnancy.  In this case, lower income is an indicator of 
being at higher risk for smoking during pregnancy, but not the direct cause of smoking 
during pregnancy. 
The results from the study can likely be generalized to women at high risk of 
GDM who are of similar racial, ethnic and socioeconomic status as the participants in the 
current study.  Because the broader social and other environmental factors that impact 
health behaviors in different communities and cultures may vary considerably, it is 
possible that the effect of a potential health risk factor, such as not living with a partner, 
on a given health behavior may vary based on other community factors, such as having 
other family and community sources of social support.  
Conclusions 
 This study found that  having a lower education, a lower income, not being 
married or living with a partner, living in a household with no other adults, drinking 
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alcohol pre-pregnancy and a higher level of sedentary activity in early pregnancy were 
significant predictors of early-pregnancy smoking.  We also found that being younger 
and not having children in the household were significant predictors of lower levels of 
moderate-vigorous activity and that having a lower household income, not being married 
or living with a partner, and pre-pregnancy smoking were significant predictors of higher 
levels of sedentary behavior. These findings add to and expand upon existing evidence 
that suggest there are several demographic, behavioral, and medical history factors that 
can be used to estimate risk of smoking, low levels of physical activity and high levels of 
sedentary behavior in early pregnancy, and our findings are informative for future studies 
designed  to identify women at higher risk for engaging in health risk behaviors, and are 
important factors to take into consideration in designing effective interventions targeting 
these health risk behaviors.  Our findings of multiple correlates for risk behaviors during 
pregnancy suggest that future studies should consider interventions that target multiple 
health behaviors.  Additional research should focus on identifying patterns of risk factors 
associated with a higher likelihood of engaging in health risk behaviors during 
pregnancy, as well as identifying broader institutional- and community-level factors that 
may be addressable through public policy changes or through community-level action.   
Significance 
Identifying risk factors for health-related behaviors during pregnancy is important 
in targeting prevention measures aimed at providing support for individuals in modifying 
their health behaviors and improving pregnancy outcomes.  Clusters of risk factors 
related to low access to resources and/or low levels of social support create an unequal 
burden of poor health-related behaviors between communities, and lead to inequities in 
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health outcomes at the community level.  Identifying populations who may most benefit 
from interventions aimed at addressing at-risk health behaviors during pregnancy is 
important, as is the need to identify barriers that are more common among women 
engaging in at-risk health behaviors during pregnancy, such as being low income or 
having less social support, that can potentially be addressed in the design of 
interventions.     This study provided evidence supporting the association of several 
demographic factors with health risk behaviors during pregnancy as observed in previous 
studies, and investigated these correlates within a diverse cohort at high risk for GDM. 
Human Subjects Protections 
 The B.A.B.Y. Study was approved by the Institutional Review Boards of the 
University of Massachusetts Amherst and Baystate Medical Center.  Participants were 
informed of the aims of the study at the time of their first prenatal visit and, if they 
expressed interest in the study, written informed consent was obtained that contained 
information on the purpose of the study, the voluntary nature of participation, the length 
of the study, study activities, risks of participation, benefits of participation, privacy 
protections and contact information for future questions and/or concerns. 
 All study records, including completed questionnaires and data abstracted from 
medical records were maintained in locked file cabinets in a locked office.  Electronic 
files were maintained on a password-protected secure server, to which only study 
personnel had access.  All study personnel received training in privacy protocols.   
 The risks of participation in this study were determined to be minimal, and all 
participants were carefully evaluated throughout pregnancy to ensure the safety of 
participation in a regular exercise program.  Participants who developed counter-
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indications to participation in regular exercise were immediately withdrawn from the 
study and received counseling through regular medical care at Baystate Medical Center.   
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Figure 3.1. Participant Flow Chart – B.A.B.Y. Study, 2007-2012 
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Figure 3.2. Distribution of sports/exercise activity, moderate-vigorous activity and 
sedentary behavior at baseline 
 
 
n %
Aim 1
Smoking during pregnancy
Yes 63 16.5
No 320 83.6
Aim 2
Sports/exercise activity (MET-hrs/wk)
Quartile 1 (<0.44) 92 24.2
Quartiles 2-4 (≥0.44) 289 75.9
Moderate/vigorous activity (MET-hrs/wk)
Quartile 1 (<28.0) 94 25.1
Quartiles 2-4 (≥28.0) 281 74.9
Aim 3
Sedentary behavior (hr/d)
Quartile 4 (≥4) 98 26.3
Quartiles 1-3 (<4) 275 73.7
Aim 4
Sum of 3 health risk behaviors (smoking during pregnancy, 
lowest quartile moderate-vigorous activity and highest quartile 
sedentary behavior)
0 149 43.8
1 150 44.1
Smoking 30 8.8
Quartile 1 moderate-vigorous activity 63 18.5
Quartile 4 sedentary behavior 57 16.8
2 37 10.9
Smoking + quartile 1 moderate-vigorous activity 5 1.5
Smoking + quartile 4 sedentary behavior 17 5.0
Quartile 1 moderate-vigorous activity + quartile 4 
sedentary behavior 15 4.4
3 4 1.2
Table 3.1. Distribution of participants by smoking, sports/exercise activity, 
moderate-vigorous activity and sedentary behavior during pregnancy: B.A.B.Y. 
Study
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n % n % n % p-value
1
Demographic factors
Age (years)
18-19 41 10.7 36 11.3 5 7.9 0.889
20-24 137 35.8 114 35.6 23 36.5
25-29 96 25.1 80 25.0 16 25.4
30-40 109 28.5 90 28.1 19 30.2
Ethnicity
Hispanic 208 54.3 176 55.0 32 50.8 0.589
Non-Hispanic 172 44.9 142 44.4 30 47.6
Missing 3 0.8 2 0.6 1 1.6
Education
Less than high school 101 26.4 77 24.1 24 38.1 0.047
High school graduate or GED 121 31.6 101 31.6 20 31.8
Post high school 158 41.3 139 43.4 19 30.2
Missing 3 0.8 3 0.9 0 0.0
Household income
<$15,000 148 38.6 114 35.6 34 54.0 0.001
$15,000-<$30,000 64 16.7 52 16.3 12 19.1
≥$30,000 92 24.0 88 27.5 4 6.4
Don't know/Refused 77 20.1 64 20.0 13 20.6
Missing 2 0.5 2 0.6 0 0.0
Marital status
Single/separated/divorced/widowed 270 70.5 212 66.3 58 92.1 <0.001
Married 109 28.5 104 32.5 5 7.9
Refused 2 0.5 2 0.6 0 0
Missing 2 0.5 2 0.6 0 0
Live with Partner
Yes 245 64.0 214 66.9 31 49.2 0.006
No 135 35.3 103 32.2 32 50.8
Missing 3 0.8 3 0.9 0 0
Adults in household
1 75 19.6 55 17.2 20 31.8 0.021
2 217 56.7 189 59.1 28 44.4
≥3 88 23.0 74 23.1 14 22.2
Missing 3 0.8 2 0.6 1 1.6
Smoking during pregnancy
Total <1 cigarette 
per day
(n=320)
≥1 cigarette 
per day
(n=63)
Table 3.2. Distribution of demographic, behavioral and medical history factors by 
smoking during pregnancy: B.A.B.Y. Study (n=383)
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n % n % n % p-value
1
Children in household
0 88 23.0 75 23.4 13 20.6 0.162
1 136 35.5 118 26.9 18 28.6
2 94 24.5 78 24.4 16 25.4
≥3 62 16.2 46 14.4 16 25.4
Missing 3 0.8 3 0.9 0 0
Medical history factors
Parity
Nulliparous 103 26.9 87 27.2 16 25.4 0.759
Parous 249 65.0 207 64.7 42 66.7
Missing 31 8.1 26 8.1 5 7.9
Pre-pregnancy BMI
<25 kg/m2 17 4.4 13 4.1 4 6.4 0.629
25-<30 kg/m2 129 33.7 107 33.4 22 34.9
30-<40 kg/m2 237 61.9 200 62.5 37 58.7
Personal history of GDM
Yes 50 13.1 40 12.5 10 15.9 0.590
No 302 78.9 251 78.4 51 81.0
Missing 31 8.1 29 9.1 2 3.2
Family history of diabetes mellitus
Yes 348 90.9 291 90.9 57 90.5 0.179
No 9 2.4 6 1.9 3 4.8
Missing 26 6.8 23 7.2 3 4.8
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 37 9.7 7 2.2 30 47.6 <0.001
<10 cigarettes/day 105 27.4 73 22.8 32 50.8
No 239 62.4 238 74.4 1 1.6
Missing 2 0.5 2 0.6 0 0
Pre-pregnancy alcohol
No 185 48.3 163 50.9 22 34.9 0.018
Yes 196 51.2 155 48.4 41 65.1
Missing 2 0.5 2 0.6 0 0
Pregnancy alcohol
No 372 97.1 310 96.9 62 98.4 0.605
Yes 7 1.8 7 2.2 0 0
Missing 4 1.0 3 0.9 1 1.6
Table 3.2, continued. Distribution of demographic, behavioral and medical history 
factors by smoking during pregnancy: B.A.B.Y. Study (n=383)
Smoking during pregnancy
Total <1 cigarette 
per day
(n=320)
≥1 cigarette 
per day
(n=63)
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n % n % n % p-value
1
Sports/exercise MET-hrs/wk during pregnancy
Quartile 1 88 23.0 78 24.4 10 15.9 0.137
Quartiles 2-4 276 72.1 226 70.6 50 79.4
Missing 19 5.0 16 5.0 3 4.8
Moderate-vigorous MET-hrs/wk during pregnancy
Quartile 1 90 23.5 80 25.0 10 15.9 0.103
Quartiles 2-4 270 70.5 220 68.8 50 79.4
Missing 23 6.0 20 6.3 3 4.8
Sedentary behavior during pregnancy
Quartile 4 95 24.8 73 22.8 22 34.9 0.044
Quartiles 1-3 261 68.2 224 70.0 37 58.7
Missing 27 7.1 23 7.2 4 6.4
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 3.2, continued. Distribution of demographic, behavioral and medical history 
factors by smoking during pregnancy: B.A.B.Y. Study (n=383)
Smoking during pregnancy
Total <1 cigarette 
per day
(n=320)
≥1 cigarette 
per day
(n=63)
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OR
1
95% CI p-value
Demographic factors
Age (years)
18-19 0.66 (0.23, 1.90) 0.439
20-24 0.96 (0.49, 1.86) 0.894
25-29 0.95 (0.46, 1.97) 0.885
30-40
Ethnicity
Hispanic 0.86 (0.50, 1.48) 0.589
Non-Hispanic
Education
Less than high school 2.33 (1.20, 4.52) 0.012
High school graduate or GED 1.48 (0.75, 2.92) 0.257
Post high school
Household income
<$15,000 6.56 (2.25, 19.18) <0.001
$15,000-<$30,000 5.08 (1.56, 16.56) 0.007
≥$30,000
Marital status
Single/separated/divorced/widowed
Married 0.18 (0.07, 0.45) <0.001
Live with Partner
Yes 0.47 (0.27, 0.81) 0.006
No
Adults in household
1
2 0.41 (0.21, 0.78) 0.007
≥3 0.52 (0.24, 1.12) 0.095
Children in household
0
1 0.88 (0.41, 1.90) 0.745
2 1.18 (0.53, 2.63) 0.679
≥3 2.01 (0.89, 4.55) 0.095
Medical history factors
Parity
Nulliparous
Parous 1.10 (0.59, 2.07) 0.759
Table 3.3. Unadjusted odds ratios for smoking during pregnancy by 
demographic, behavioral and medical history factors: BABY Study (n=383)
referent
referent
referent
referent
Unadjusted analysis
referent
referent
referent
referent
referent
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OR
1
95% CI p-value
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 0.67 (0.20, 2.24) 0.514
30-<40 kg/m2 0.60 (0.19, 1.95) 0.396
Personal history of GDM
Yes 1.23 (0.58, 2.62) 0.591
No
Family history of diabetes mellitus
Yes
No 2.55 (0.62, 10.51) 0.194
Behavioral factors
Pre-pregnancy alcohol
No
Yes 1.96 (1.12, 3.44) 0.019
Pregnancy alcohol
No
Yes − − −
Sports/exercise MET-hrs/wk during pregnancy  
Quartile 1 0.58 (0.28, 1.20) 0.141
Quartiles 2-4
Moderate-vigorous MET-hrs/wk during pregnancy
Quartile 1 0.55 (0.27, 1.14) 0.106
Quartiles 2-4
Sedentary behavior during pregnancy
Quartile 4 1.83 (1.01, 3.29) 0.046
Quartiles 1-3
*Logistic regression
referent
referent
Table 3.3, continued. Unadjusted odds ratios for smoking during pregnancy 
by demographic, behavioral and medical history factors: BABY Study 
referent
referent
referent
Unadjusted analysis
referent
referent
referent
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OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Demographic factors
Age (years)
18-19 0.67 (0.23, 1.93) 0.458 0.08 (0.01, 0.39) 0.002 0.25 (0.08, 0.81) 0.021
20-24 0.96 (0.49, 1.88) 0.909 0.24 (0.10, 0.61) 0.003 0.35 (0.16, 0.77) 0.009
25-29 0.90 (0.43, 1.89) 0.783 0.31 (0.12, 0.81) 0.017 0.46 (0.20, 1.06) 0.069
30-40
Ethnicity
Hispanic 0.88 (0.51, 1.52) 0.648 0.36 (0.18, 0.71) 0.004 0.49 (0.27, 0.90) 0.022
Non-Hispanic
Indicators of socioeconomic position
Education
Less than high school 2.42 (1.25, 4.71) 0.009 2.91 (1.20, 7.08) 0.019
High school graduate or GED 1.39 (0.70, 2.75) 0.351 1.10 (0.48, 2.51) 0.826
Post high school
Household income
<$15,000 6.48 (2.21, 18.98) <0.001 5.10 (1.41, 18.43) 0.013 5.83 (1.73, 19.59) 0.004
$15,000-<$30,000 5.18 (1.59, 16.90) 0.007 5.02 (1.34, 18.77) 0.017 4.71 (1.32, 16.76) 0.017
≥$30,000
Missing 4.54 (1.41, 14.57) 0.011 4.30 (1.11, 16.65) 0.035 4.61 (1.28, 16.52) 0.019
Family structure
Partner status
No partner
Live with partner, not married 0.82 (0.46, 1.47) 0.502 1.03 (0.52, 2.06) 0.928 0.93 (0.50, 1.74) 0.830
Married 0.16 (0.06, 0.43) <0.001 0.13 (0.04, 0.45) 0.001 0.16 (0.05, 0.48) 0.001
referent referent
referent referent
referent
Table 3.4. Unadjusted and adjusted odds ratios for smoking during pregnancy by demographic, behavioral and medical 
history factors: BABY Study
Adjusted analysis - Reduced 
(n=376)
referent
referent
referent
referentreferent
referent referent
referent
Unadjusted analysis (n=376) Adjusted analysis - Full 
(n=346)
referent
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OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Other adults in household (not partner)
Yes 1.25 (0.70, 2.23) 0.456 0.99 (0.45, 2.15) 0.971
No
Children in household
Yes 1.16 (0.60, 2.26) 0.658 1.45 (0.52, 3.99) 0.476
No
Medical history factors
Parity
Nulliparous
Parous 1.06 (0.57, 2.00) 0.851 0.47 (0.16, 1.40) 0.175
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 0.68 (0.20, 2.29) 0.534 1.18 (0.25, 5.52) 0.836
30-<40 kg/m2 0.60 (0.18, 1.93) 0.390 0.84 (0.19, 3.74) 0.823
*Logistic regression
Unadjusted analysis (n=376) Adjusted analysis - Full 
(n=346)
Table 3.4, continued. Unadjusted and adjusted odds ratios for smoking during pregnancy by demographic, behavioral and 
medical history factors: BABY Study (n=383)
Adjusted analysis - Reduced 
(n=376)
referent referent
referent referent
referent referent
referent referent
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n % n % n % p-value
1
Demographic factors
Age (years)
18-19 40 10.5 9 9.8 31 10.7 0.970
20-24 134 35.2 34 37.0 100 34.6
25-29 97 25.5 24 26.1 73 25.3
30-40 108 28.4 25 27.2 83 28.7
Missing 2 0.5 0 0 2 0.7
Ethnicity
Hispanic 203 53.3 49 53.3 154 53.3 0.950
Non-Hispanic 172 45.1 42 45.7 130 45.0
Missing 6 1.6 1 1.1 5 1.7
Education
Less than high school 98 25.7 20 21.7 78 27.0 0.599
High school graduate or GED 119 31.2 31 33.7 88 30.5
Post high school 157 41.2 39 42.4 118 40.8
Missing 7 1.8 2 2.2 5 1.7
Household income
<$15,000 147 38.6 28 30.4 119 41.2 0.103
$15,000-<$30,000 65 17.1 21 22.8 44 15.2
≥$30,000 87 22.8 22 23.9 65 22.5
Don't know/Refused 76 20.0 19 20.7 57 19.7
Missing 6 1.6 2 2.2 4 1.4
Marital status
Single/separated/divorced/widowed 267 70.1 65 70.7 202 69.9 0.997
Married 111 29.1 27 29.4 84 29.1
Refused 1 0.3 0 0 1 0.4
Missing 2 0.5 0 0 2 0.7
Live with Partner
Yes 247 64.8 66 71.7 181 62.6 0.087
No 128 33.6 24 26.1 104 36.0
Missing 6 1.6 2 2.2 4 1.4
Total Quartile 1
(<0.44)
(n=92)
Quartiles 2-4 
(≥0.44)
(n=289)
Sports/exercise activity during 
pregnancy
(MET-hrs/wk)
Table 3.5. Distribution of demographic, behavioral and medical history factors by 
quartile of sports/exercise activity during pregnancy: B.A.B.Y. Study (n=381)
247 
n % n % n % p-value
1
Adults in household
1 72 18.9 16 17.4 56 19.4 0.609
2 215 56.4 50 54.4 165 57.1
≥3 89 23.4 25 27.2 64 22.2
Missing 5 1.3 1 1.1 4 1.4
Children in household
0 87 22.8 25 27.2 62 21.5 0.067
1 131 34.4 23 25.0 108 37.4
2 93 24.4 29 31.5 64 22.2
≥3 64 16.8 13 14.1 51 17.7
Missing 6 1.6 2 2.2 4 1.4
Medical history factors
Parity
Nulliparous 103 27.0 27 29.4 76 26.3 0.750
Parous 248 65.1 61 66.3 187 64.7
Missing 30 7.9 4 4.4 26 9.0
Pre-pregnancy BMI
<25 kg/m2 14 3.7 3 3.3 11 3.8 0.837
25-<30 kg/m2 126 33.1 33 35.9 93 32.2
30-<40 kg/m2 239 62.7 56 60.9 183 63.3
Missing 2 0.5 0 0 2 0.7
Personal history of GDM
Yes 49 12.9 13 14.1 36 12.5 0.655
No 301 79.0 71 77.2 230 79.6
Missing 31 8.1 8 8.7 23 8.0
Family history of diabetes mellitus
Yes 344 90.3 85 92.4 259 89.6 0.418
No 8 2.1 3 3.3 5 1.7
Missing 29 7.6 4 4.4 25 8.7
Table 3.5, continued. Distribution of demographic, behavioral and medical history 
factors by quartile of sports/exercise activity during pregnancy: B.A.B.Y. Study 
(n=381)
Sports/exercise activity during 
pregnancy
(MET-hrs/wk)
Total Quartile 1
(<0.44)
(n=92)
Quartiles 2-4 
(≥0.44)
(n=289)
248 
n % n % n % p-value
1
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 37 9.7 5 5.4 32 11.1 0.232
<10 cigarettes/day 98 25.7 27 29.4 71 24.6
No 239 62.7 57 62.0 182 63.0
Missing 7 1.8 3 3.3 4 1.4
Pregnancy smoking
≥10 cigarettes/day 37 9.7 0 0 5 1.7 0.278
<10 cigarettes/day 98 25.7 10 10.9 45 15.6
No 239 62.7 78 84.8 226 78.2
Missing 17 4.5 4 4.4 13 4.5
Pre-pregnancy alcohol
No 182 47.8 43 46.7 139 48.1 0.940
Yes 192 50.4 46 50.0 146 50.5
Missing 7 1.8 3 3.3 4 1.4
Pregnancy alcohol
No 363 95.3 88 95.7 275 95.2 1.000
Yes 7 1.8 1 1.1 6 2.1
Missing 11 2.9 3 3.3 8 2.8
Moderate-vigorous MET-hrs/wk during pregnancy
Quartile 1 94 24.7 32 34.8 62 21.5 0.011
Quartiles 2-4 281 73.8 59 64.1 222 76.8
Missing 6 1.6 1 1.1 5 1.7
Sedentary behavior during pregnancy
Quartile 4 96 25.2 29 31.5 67 23.2 0.215
Quartiles 1-3 265 69.6 63 68.5 202 69.9
Missing 20 5.3 0 0 20 6.9
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 3.5, continued. Distribution of demographic, behavioral and medical history 
factors by quartile of sports/exercise activity during pregnancy: B.A.B.Y. Study 
(n=381)
Sports/exercise activity during 
pregnancy
(MET-hrs/wk)
Total Quartile 1
(<0.44)
(n=92)
Quartiles 2-4 
(≥0.44)
(n=289)
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n % n % n % p-value
1
Demographic factors
Age (years)
18-19 40 10.7 16 17.0 24 8.5 0.046
20-24 134 35.7 37 39.4 97 34.5
25-29 94 25.1 20 21.3 74 26.3
30-40 105 28.0 20 21.3 85 30.3
Missing 2 0.5 1 1.1 1 0.4
Ethnicity
Hispanic 201 53.6 51 54.3 150 53.4 0.830
Non-Hispanic 168 44.8 41 43.6 127 45.2
Missing 6 1.6 2 2.1 4 1.4
Education
Less than high school 97 25.9 28 29.8 69 24.6 0.494
High school graduate or GED 118 31.5 29 30.9 89 31.7
Post high school 153 40.8 34 36.2 119 42.4
Missing 7 1.9 3 3.2 4 1.4
Household income
<$15,000 144 38.4 38 40.4 106 37.7 0.496
$15,000-<$30,000 63 16.8 15 16.0 48 17.1
≥$30,000 87 23.2 17 18.2 70 24.9
Don't know/Refused 75 20.0 22 23.4 53 18.9
Missing 6 1.6 2 2.1 4 1.4
Marital status
Single/separated/divorced/widowed 263 70.1 70 74.5 193 68.7 0.191
Married 109 29.1 22 23.4 87 31.0
Refused 1 0.3 1 1.1 0 0
Missing 2 0.5 1 1.1 1 0.4
Live with Partner
Yes 243 64.8 59 62.8 184 65.5 0.688
No 126 33.6 33 35.1 93 33.1
Missing 6 1.6 2 2.1 4 1.4
Adults in household
1 71 18.9 14 14.9 57 20.3 0.498
2 212 56.5 54 57.5 158 56.2
≥3 87 23.2 24 25.5 63 22.4
Missing 5 1.3 2 2.1 3 1.1
Total Quartile 1
(<28.0)
(n=94)
Quartiles 2-4
(≥28.0)
(n=281)
Table 3.6. Distribution of demographic, behavioral and medical history factors by 
quartile of moderate-vigorous activity during pregnancy: B.A.B.Y. Study (n=375)
Moderate-vigorous activity during pregnancy
(MET-hrs/wk)
250 
n % n % n % p-value
1
Children in household
0 86 22.9 31 33.0 55 19.6 0.049
1 130 34.7 28 29.8 102 36.3
2 93 24.8 19 20.2 74 26.3
≥3 60 16.0 13 13.8 47 16.7
Missing 6 1.6 3 3.2 3 1.1
Medical history factors
Parity
Nulliparous 101 26.9 31 33.0 70 24.9 0.093
Parous 244 65.1 54 57.5 190 67.6
Missing 30 8.0 9 9.6 21 7.5
Pre-pregnancy BMI
<25 kg/m2 14 3.7 6 6.4 8 2.9 0.286
25-<30 kg/m2 125 33.3 30 31.9 95 33.8
30-<40 kg/m2 234 62.4 57 60.6 177 63.0
Missing 2 0.5 1 1.1 1 0.4
Personal history of GDM
Yes 48 12.8 11 11.7 37 13.2 0.729
No 297 79.2 75 79.8 222 79.0
Missing 30 8.0 8 8.5 22 7.8
Family history of diabetes mellitus
Yes 339 90.4 86 91.5 253 90.0 0.685
No 8 2.1 1 1.1 7 2.5
Missing 28 7.5 7 7.5 21 7.5
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 37 9.9 6 6.4 31 11.0 0.414
<10 cigarettes/day 96 25.6 24 25.5 72 25.6
No 235 62.7 62 66.0 173 61.6
Missing 7 1.9 2 2.1 5 1.8
Pregnancy smoking
≥10 cigarettes/day 5 1.3 1 1.1 4 1.4 0.255
<10 cigarettes/day 55 14.7 9 9.6 46 16.4
No 300 80.0 80 85.1 220 78.3
Missing 15 4.0 4 4.3 11 3.9
Table 3.6, continued. Distribution of demographic, behavioral and medical history 
factors by quartile of moderate-vigorous activity during pregnancy: B.A.B.Y. 
Study (n=375)
Moderate-vigorous activity during pregnancy
(MET-hrs/wk)
Total Quartile 1
(<28.0)
(n=94)
Quartiles 2-4
(≥28.0)
(n=281)
251 
n % n % n % p-value
1
Pre-pregnancy alcohol
No 179 47.7 49 52.1 130 46.3 0.306
Yes 189 50.4 43 45.7 146 52.0
Missing 7 1.9 2 2.1 5 1.8
Pregnancy alcohol
No 358 95.5 88 93.6 270 96.1 0.168
Yes 6 1.6 3 3.2 3 1.1
Missing 11 2.9 3 3.2 8 2.9
Sports/exercise MET-hrs/wk during pregnancy
Quartile 1 91 24.3 32 34.0 59 21.0 0.011
Quartiles 2-4 284 75.7 62 66.0 222 79.0
Sedentary behavior during pregnancy
Quartile 4 96 25.6 21 22.2 75 26.7 0.323
Quartiles 1-3 259 69.1 70 74.5 189 67.3
Missing 20 5.3 3 3.2 17 6.1
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 3.6, continued. Distribution of demographic, behavioral and medical history 
factors by quartile of moderate-vigorous activity during pregnancy: B.A.B.Y. 
Study (n=375)
Moderate-vigorous activity during pregnancy
(MET-hrs/wk)
Total Quartile 1
(<28.0)
(n=94)
Quartiles 2-4
(≥28.0)
(n=281)
252 
OR
1
95% CI p-value
Demographic factors
Age (years)
18-19 0.96 (0.41, 2.29) 0.934
20-24 1.13 (0.62, 2.04) 0.689
25-29 1.09 (0.57, 2.08) 0.789
30-40
Ethnicity
Hispanic 0.99 (0.61, 1.58) 0.950
Non-Hispanic
Education
Less than high school 0.77 (0.42, 1.41) 0.396
High school graduate or GED 1.06 (0.62, 1.82) 0.841
Post high school
Household income
<$15,000 0.70 (0.37, 1.31) 0.262
$15,000-<$30,000 1.41 (0.69, 2.87) 0.343
≥$30,000
Marital status
Single/separated/divorced/widowed
Married 1.00 (0.60, 1.67) 0.997
Live with Partner
Yes 1.58 (0.93, 2.67) 0.088
No
Adults in household
1
2 1.06 (0.56, 2.01) 0.857
≥3 1.37 (0.66, 2.82) 0.396
Children in household
0
1 0.53 (0.28, 1.01) 0.053
2 1.12 (0.59, 2.13) 0.720
≥3 0.63 (0.29, 1.36) 0.241
Medical history factors
Parity
Nulliparous
Parous 0.92 (0.54, 1.55) 0.750
referent
referent
referent
Table 3.7. Unadjusted odds ratios for bottom vs. top 3 quartiles of 
sports/exercise activity during pregnancy by demographic, behavioral and 
medical history factors: BABY Study (n=379)
Unadjusted analysis
referent
referent
referent
referent
referent
referent
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OR
1
95% CI p-value
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 1.30 (0.34, 4.95) 0.700
30-<40 kg/m2 1.12 (0.30, 4.16) 0.863
Personal history of GDM
Yes 1.17 (0.59, 2.33) 0.655
No
Family history of diabetes mellitus
Yes
No 1.83 (0.43, 7.82) 0.415
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 1.21 (0.71, 2.07) 0.476
<10 cigarettes/day 0.50 (0.19, 1.34) 0.168
No
Pregnancy smoking
Yes 0.58 (0.28, 1.20) 0.141
No
Pre-pregnancy alcohol
No
Yes 1.02 (0.63, 1.64) 0.940
Pregnancy alcohol
No
Yes 0.52 (0.06, 4.39) 0.548
Moderate-vigorous MET-hrs/wk during pregnancy
Quartile 1 1.94 (1.16, 3.25) 0.011
Quartiles 2-4
Sedentary behavior during pregnancy
Quartile 4 1.39 (0.83, 2.33) 0.216
Quartiles 1-3
1
Logistic regression, covariates with more than 2 levels entered as dummy 
variables
Table 3.7, continued. Unadjusted odds ratios for bottom vs. top 3 quartiles 
of sports/exercise activity during pregnancy by demographic, behavioral 
and medical history factors: BABY Study (n=379)
Unadjusted analysis
referent
referent
referent
referent
referent
referent
referent
referent
referent
254 
OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Demographic factors
Age (years)
18-19 0.96 (0.41, 2.29) 0.934 1.05 (0.33, 3.41) 0.933
20-24 1.13 (0.62, 2.04) 0.689 1.27 (0.60, 2.69) 0.534
25-29 1.09 (0.57, 2.08) 0.789 0.99 (0.49, 2.01) 0.978
30-40
Ethnicity
Hispanic 0.99 (0.61, 1.58) 0.950 1.11 (0.63, 1.96) 0.723
Non-Hispanic
Indicators of socioeconomic position
Education
Less than high school 0.77 (0.42, 1.41) 0.396 0.83 (0.39, 1.77) 0.631
High school graduate or GED 1.06 (0.62, 1.82) 0.841 1.05 (0.55, 1.99) 0.881
Post high school
Household income
<$15,000 0.70 (0.37, 1.31) 0.262 0.60 (0.26, 1.39) 0.231
$15,000-<$30,000 1.41 (0.69, 2.87) 0.342 1.51 (0.68, 3.35) 0.317
≥$30,000
Missing 1.02 (0.51, 2.03) 0.962 0.96 (0.41, 2.21) 0.920
Family structure
Partner status
No partner
Live with partner, not married 1.67 (0.94, 2.97) 0.083 1.53 (0.80, 2.94) 0.204
Married 1.34 (0.72, 2.49) 0.357 1.29 (0.58, 2.85) 0.533
referent referent
referent referent
referent referent
Adjusted analysis - Reduced 
Table 3.8. Unadjusted and adjusted odds ratios for bottom vs. top 3 quartiles of sports/exercise activity during pregnancy by 
demographic, behavioral and medical history factors: BABY Study
Unadjusted analysis (n=379) Adjusted analysis - Reduced 
(n=342)
referent referent
referent referent
255 
OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Other adults in household (not partner)
No
Yes 1.06 (0.64, 1.76) 0.825 1.05 (0.56, 1.98) 0.870
Children in household
No
Yes 0.71 (0.42, 1.21) 0.207 0.54 (0.22, 1.33) 0.179
Medical history factors
Parity
Nulliparous
Parous 0.92 (0.54, 1.55) 0.750 1.48 (0.57, 3.83) 0.417
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 1.30 (0.34, 4.95) 0.700 0.97 (0.23, 4.01) 0.962
30-<40 kg/m2 1.12 (0.30, 4.16) 0.863 0.93 (0.23, 3.74) 0.927
1
Logistic regression, covariates with more than 2 levels entered as dummy variables
referent referent
referent
Table 3.8, continued. Unadjusted and adjusted odds ratios for bottom vs. top 3 quartiles of sports/exercise activity during 
pregnancy by demographic, behavioral and medical history factors: BABY Study
Unadjusted analysis (n=379) Adjusted analysis - Reduced 
(n=342)
Adjusted analysis - Reduced 
(n=)
referent
referent referent
referent
referent
256 
OR
1
95% CI p-value
Demographic factors
Age (years)
18-19 2.83 (1.28, 6.30) 0.011
20-24 1.62 (0.88, 3.01) 0.125
25-29 1.15 (0.57, 2.30) 0.695
30-40
Ethnicity
Hispanic 1.05 (0.66, 1.69) 0.831
Non-Hispanic
Education
Less than high school 1.35 (0.76, 2.39) 0.306
High school graduate or GED 1.08 (0.62, 1.89) 0.779
Post high school
Household income
<$15,000 1.48 (0.77, 2.82) 0.238
$15,000-<$30,000 1.29 (0.59, 2.82) 0.529
≥$30,000
Marital status
Single/separated/divorced/widowed
Married 0.70 (0.41, 1.20) 0.192
Live with Partner
Yes 0.90 (0.55, 1.48) 0.688
No
Adults in household
1
2 1.39 (0.72, 2.70) 0.328
≥3 1.55 (0.73, 3.28) 0.252
Children in household
0
1 0.49 (0.27, 0.89) 0.020
2 0.46 (0.23, 0.89) 0.021
≥3 0.49 (0.23, 1.05) 0.065
Medical history factors
Parity
Nulliparous
Parous 0.64 (0.38, 1.08) 0.094
referent
referent
referent
Table 3.9. Unadjusted odds ratios for bottom vs. top 3 quartiles of 
moderate-vigorous activity during pregnancy by demographic, behavioral 
and medical history factors: BABY Study (n=373)
Unadjusted analysis
referent
referent
referent
referent
referent
referent
257 
OR
1
95% CI p-value
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 0.42 (0.14, 1.31) 0.135
30-<40 kg/m2 0.43 (0.14, 12.9) 0.132
Personal history of GDM
Yes 0.88 (0.43, 1.81) 0.729
No
Family history of diabetes mellitus
Yes
No 0.42 (0.05, 3.47) 0.421
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 0.54 (0.22, 1.36) 0.190
<10 cigarettes/day 0.93 (0.54, 1.61) 0.795
No
Pregnancy smoking
≥10 cigarettes/day 0.69 (0.08, 6.24) 0.739
<10 cigarettes/day 0.54 (0.25, 1.15) 0.109
No
Pre-pregnancy alcohol
No
Yes 0.78 (0.49, 1.25) 0.307
Pregnancy alcohol
No
Yes 3.07 (0.61, 15.48) 0.175
Sports/exercise MET-hrs/wk during pregnancy
Quartile 1 1.94 (1.16, 3.25) 0.011
Quartiles 2-4
Sedentary behavior during pregnancy
Quartile 4 0.76 (0.43, 1.32) 0.324
Quartiles 1-3
1
Logistic regression, covariates with more than 2 levels entered as dummy 
variables
referent
referent
referent
Table 3.9, continued. Unadjusted odds ratios for bottom vs. top 3 quartiles 
of moderate-vigorous activity during pregnancy by demographic, 
behavioral and medical history factors: BABY Study (n=373)
Unadjusted analysis
referent
referent
referent
referent
referent
referent
258 
OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Demographic factors
Age (years)
18-19 2.83 (1.28, 6.30) 0.011 2.49 (0.81, 7.64) 0.111
20-24 1.62 (0.88, 3.01) 0.125 1.24 (0.56, 2.75) 0.590
25-29 1.15 (0.57, 2.30) 0.695 1.12 (0.52, 2.43) 0.768
30-40
Ethnicity
Hispanic 1.05 (0.66, 1.69) 0.831 1.04 (0.59, 2.43) 0.883
Non-Hispanic
Indicators of socioeconomic position
Education
Less than high school 1.35 (0.76, 2.39) 0.306 1.03 (0.50, 2.15) 0.930
High school graduate or GED 1.08 (0.62, 1.89) 0.779 0.95 (0.49, 1.86) 0.886
Post high school
Household income
<$15,000 1.48 (0.77, 2.82) 0.238 1.25 (0.52, 3.04) 0.620
$15,000-<$30,000 1.29 (0.59, 2.82) 0.530 1.40 (0.57, 3.44) 0.466
≥$30,000
Missing 1.73 (0.85, 3.54) 0.130 1.28 (0.52, 3.14) 0.587
Family structure
Partner status
No partner
Live with partner, not married 1.03 (0.59, 1.79) 0.916 1.25 (0.66, 2.36) 0.490
Married 0.71 (0.38, 1.32) 0.280 0.98 (0.43, 2.24) 0.968
referent referent
Table 3.10. Unadjusted and adjusted odds ratios for bottom vs. top 3 quartiles of moderate-vigorous activity during 
pregnancy by demographic, behavioral and medical history factors: BABY Study
Unadjusted analysis (n=373) Adjusted analysis - Full 
(n=336)
referent referent
Adjusted analysis - Reduce 
(n=375)
referent
referent
referent
referent
referent referent
referent referent
referent referent referent
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OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Other adults in household (not partner)
No
Yes 1.48 (0.90, 2.43) 0.125 1.16 (0.62, 2.18) 0.648
Children in household
No
Yes 0.46 (0.28, 0.77) 0.003 0.45 (0.19, 1.03) 0.060 0.46 (0.28, 0.77) 0.003
Medical history factors
Parity
Nulliparous
Parous 0.64 (0.38, 1.08) 0.094 1.34 (0.54, 3.29) 0.528
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 0.42 (0.14, 1.31) 0.135 0.33 (0.09, 1.22) 0.096
30-<40 kg/m2 0.43 (0.14, 12.9) 0.132 0.34 (0.10, 1.19) 0.090
1
Logistic regression, covariates with more than 2 levels entered as dummy variables
Table 3.10, continued. Unadjusted and adjusted odds ratios for bottom vs. top 3 quartiles of moderate-vigorous activity 
during pregnancy by demographic, behavioral and medical history factors: BABY Study
Unadjusted analysis (n=373) Adjusted analysis - Full 
(n=336)
Adjusted analysis - Reduce 
(n=375)
referent referent
referent referent
referent referent
referent referent
referent
referent
referent
referent
260 
n % n % n % p-value
1
Demographic factors
Age (years)
18-19 41 11.0 11 11.2 30 10.9 0.369
20-24 136 36.5 42 42.9 94 34.2
25-29 89 23.9 22 22.5 67 24.4
30-40 105 28.2 22 22.5 83 30.2
Missing 2 0.5 1 1.0 1 0.4
Ethnicity
Hispanic 204 54.7 60 61.2 144 52.4 0.105
Non-Hispanic 164 44.0 36 36.7 128 46.6
Missing 5 1.3 2 2.0 3 1.1
Education
Less than high school 97 26.0 27 27.6 70 25.5 0.425
High school graduate or GED 111 29.8 33 33.7 78 28.4
Post high school 157 42.1 36 36.7 121 44.0
Missing 8 2.1 2 2.0 6 2.2
Household income
<$15,000 143 38.3 44 44.9 99 36.0 0.004
$15,000-<$30,000 64 17.2 22 22.5 42 15.3
≥$30,000 84 22.5 11 11.2 73 26.6
Don't know/Refused 75 20.1 19 19.4 56 20.4
Missing 7 1.9 2 2.0 5 1.8
Marital status
Single/separated/divorced/widowed 260 69.7 78 79.6 182 66.2 0.014
Married 108 29.0 19 19.4 89 32.4
Refused 2 0.5 0 0 2 0.7
Missing 3 0.8 1 1.0 2 0.7
Live with Partner
Yes 234 62.7 53 54.1 181 65.8 0.034
No 131 35.1 43 43.9 88 32.0
Missing 8 2.1 2 2.0 6 2.2
Adults in household
1 75 20.1 18 18.4 57 20.7 0.101
2 202 54.2 46 46.9 156 56.7
≥3 90 24.1 31 31.6 59 21.5
Missing 6 1.6 3 3.1 3 1.1
Total
Sedentary activity during pregnancy
Quartile 4
(≥4 hr/day)
(n=98)
Quartiles 1-3
(<4 hr/day)
(n=275)
Table 3.11. Distribution of demographic, behavioral and medical history factors by 
quartile of sedentary activity during pregnancy: B.A.B.Y. Study (n=373)
261 
n % n % n % p-value
1
Children in household
0 86 23.1 31 31.6 55 20.0 0.087
1 129 34.6 30 30.6 99 36.0
2 89 23.9 18 18.4 71 25.8
≥3 62 16.6 17 17.4 45 16.4
Missing 7 1.9 2 2.0 5 1.8
Medical history factors
Parity
Nulliparous 103 27.6 33 33.7 70 25.5 0.069
Parous 242 64.9 55 56.1 187 68.0
Missing 28 7.5 10 10.2 18 6.6
Pre-pregnancy BMI
<25 kg/m2 17 4.6 2 2.0 15 5.5 0.162
25-<30 kg/m2 126 33.8 28 28.6 98 35.6
30-<40 kg/m2 228 61.1 67 68.4 161 58.6
Missing 2 0.5 1 1.0 1 0.4
Personal history of GDM
Yes 49 13.1 9 9.2 40 14.6 0.187
No 293 78.6 80 81.6 213 77.5
Missing 31 8.3 9 9.2 22 8.0
Family history of diabetes mellitus
Yes 338 90.6 89 90.8 249 90.6 0.681
No 7 1.9 1 1.0 6 2.2
Missing 28 7.5 8 8.2 20 7.3
Behavioral factors
Pre-pregnancy smoking 0.027
≥10 cigarettes/day 33 8.9 15 15.3 18 6.6
<10 cigarettes/day 98 26.3 26 26.5 72 26.2
No 234 62.7 55 56.1 179 65.1
Missing 8 2.1 2 2.0 6 2.2
Pregnancy smoking
≥10 cigarettes/day 5 1.3 1 1.0 4 1.5 0.076
<10 cigarettes/day 54 14.5 21 21.4 33 12.0
No 297 79.6 73 74.5 224 81.5
Missing 17 4.6 3 3.1 14 5.1
Table 3.11, continued. Distribution of demographic, behavioral and medical 
history factors by quartile of sedentary activity during pregnancy: B.A.B.Y. Study 
Sedentary activity during pregnancy
Total Quartile 4
(≥4 hr/day)
(n=98)
Quartiles 1-3
(<4 hr/day)
(n=275)
262 
n % n % n % p-value
1
Pre-pregnancy alcohol
No 179 48.0 40 40.8 139 50.6 0.092
Yes 186 49.9 56 57.1 130 47.3
Missing 8 2.1 2 2.0 6 2.2
Pregnancy alcohol
No 353 94.6 93 94.9 260 94.6 1.000
Yes 7 1.9 2 2.0 5 1.9
Missing 13 3.5 3 3.1 10 3.6
Sports/exercise MET-hrs/wk during pregnancy
Quartile 1 92 24.7 29 29.6 63 22.9 0.215
Quartiles 2-4 269 72.1 67 68.4 202 73.5
Missing 12 3.2 2 2.0 10 3.6
Moderate-vigorous MET-hrs/wk during pregnancy
Quartile 1 91 24.4 21 21.4 70 25.5 0.323
Quartiles 2-4 264 70.8 75 76.5 189 68.7
Missing 18 4.8 2 2.0 16 5.8
1
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 3.11, continued. Distribution of demographic, behavioral and medical 
history factors by quartile of sedentary activity during pregnancy: B.A.B.Y. Study 
(n=373) Sedentary activity during pregnancy
Total Quartile 4
(≥4 hr/day)
(n=98)
Quartiles 1-3
(<4 hr/day)
(n=275)
263 
OR
1
95% CI p-value
Demographic factors
Age (years)
18-19 1.38 (0.60, 3.19) 0.447
20-24 1.69 (0.93, 3.05) 0.085
25-29 1.24 (0.63, 2.43) 0.533
30-40
Ethnicity
Hispanic 1.48 (0.92, 2.39) 0.106
Non-Hispanic
Education
Less than high school 1.29 (0.73, 2.29) 0.385
High school graduate or GED 1.41 (0.82, 2.44) 0.213
Post high school
Household income
<$15,000 2.95 (1.43, 6.10) 0.004
$15,000-<$30,000 3.48 (1.54, 7.87) 0.003
≥$30,000
Marital status
Single/separated/divorced/widowed
Married 0.50 (0.28, 0.87) 0.015
Live with Partner
Yes 0.60 (0.37, 0.97) 0.035
No
Adults in household
1
2 0.93 (0.50, 1.74) 0.830
≥3 1.66 (0.84, 3.30) 0.145
Children in household
0
1 0.54 (0.30, 0.98) 0.043
2 0.45 (0.23, 0.89) 0.021
≥3 0.67 (0.33, 1.36) 0.270
Medical history factors
Parity
Nulliparous
Parous 0.62 (0.37, 1.04) 0.071
referent
referent
referent
Table 3.12. Unadjusted odds ratios for top vs. bottom 3 quartiles of 
sedentary activity during pregnancy by demographic, behavioral and 
medical history factors: BABY Study (n=366)
Unadjusted analysis
referent
referent
referent
referent
referent
referent
264 
OR
1
95% CI p-value
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 2.14 (0.46, 9.93) 0.330
30-<40 kg/m2 3.12 (0.70, 14.02) 0.138
Personal history of GDM
Yes 0.60 (0.28, 1.29) 0.191
No
Family history of diabetes mellitus
Yes
No 0.47 (0.06, 3.93) 0.483
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 2.71 (1.28, 5.74) 0.009
<10 cigarettes/day 1.18 (0.68, 2.02) 0.558
No
Pregnancy smoking
≥10 cigarettes/day 0.77 (0.08, 6.97) 0.814
<10 cigarettes/day 1.95 (1.06, 3.59) 0.031
No
Pre-pregnancy alcohol
No
Yes 1.50 (0.94, 2.40) 0.093
Pregnancy alcohol
No
Yes 1.12 (0.21, 5.86) 0.895
Sports/exercise MET-hrs/wk during pregnancy
Quartile 4 1.39 (0.83, 2.33) 0.216
Quartiles 1-3
Moderate-vigorous MET-hrs/wk during pregnancy
Quartile 4 0.76 (0.43, 1.32) 0.324
Quartiles 1-3
1
Logistic regression, covariates with more than 2 levels entered as dummy 
variables
referent
referent
referent
Table 3.12, continued. Unadjusted odds ratios for top vs. bottom 3 
quartiles of sedentary activity during pregnancy by demographic, 
behavioral and medical history factors: BABY Study (n=366)
Unadjusted analysis
referent
referent
referent
referent
referent
referent
265 
OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Demographic factors
Age (years)
18-19 1.38 (0.60, 3.19) 0.447 0.41 (0.13, 1.36) 0.146
20-24 1.68 (0.93, 3.05) 0.088 0.69 (0.31, 1.51) 0.351
25-29 1.20 (0.61, 2.37) 0.599 0.85 (0.39, 1.85) 0.684
30-40
Ethnicity
Hispanic 1.53 (0.95, 2.48) 0.084 1.54 (0.86, 2.77) 0.146
Non-Hispanic
Indicators of socioeconomic position
Education
Less than high school 1.35 (0.76, 2.41) 0.313 0.98 (0.47, 2.02) 0.948
High school graduate or GED 1.41 (0.81, 2.46) 0.221 1.05 (0.54, 2.01) 0.895
Post high school
Household income
<$15,000 2.91 (1.41, 6.03) 0.004 2.12 (0.82, 5.47) 0.120 2.48 (1.16, 5.30) 0.020
$15,000-<$30,000 3.48 (1.54, 7.87) 0.003 2.62 (1.03, 6.67) 0.043 2.87 (1.23, 6.70) 0.015
≥$30,000
Missing 2.17 (0.96, 4.93) 0.063 1.51 (0.56, 4.06) 0.420 1.53 (0.64, 3.63) 0.339
Family structure
Partner status
No partner
Live with partner, not married 0.82 (0.48, 1.41) 0.478 1.07 (0.57, 1.99) 0.833
Married 0.46 (0.25, 0.85) 0.014 0.73 (0.32, 1.64) 0.447
referent referent
Table 3.13. Unadjusted and adjusted odds ratios for top vs. bottom 3 quartiles of sedentary activity during pregnancy by 
demographic, behavioral and medical history factors: BABY Study
Unadjusted analysis (n=366) Adjusted analysis - Full (n=336)
referent referent
Adjusted analysis - Reduced 
(n=366)
referent
referent
referent
referent
referent referent
referent referent
referent referent referent
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OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Other adults in household (not partner)
No
Yes 2.20 (1.36, 3.57) 0.001 2.28 (1.22, 4.24) 0.010 2.14 (1.27, 3.60) 0.004
Children in household
No
Yes 0.55 (0.33, 0.92) 0.024 0.54 (0.23, 1.26) 0.152 0.50 (0.29, 0.87) 0.014
Medical history factors
Parity
Nulliparous
Parous 0.61 (0.36, 1.02) 0.058 0.78 (0.32, 1.86) 0.569
Pre-pregnancy BMI
<30 kg/m2
30-<40 kg/m2 1.71 (1.04, 2.83) 0.036 1.67 (0.95, 2.93) 0.073 1.68 (0.99, 2.85) 0.055
1
Logistic regression, covariates with more than 2 levels entered as dummy variables
Table 3.13, continued. Unadjusted and adjusted odds ratios for top vs. bottom 3 quartiles of sedentary activity during 
pregnancy by demographic, behavioral and medical history factors: BABY Study
Unadjusted analysis (n=366) Adjusted analysis - Full (n=336) Adjusted analysis - Reduced 
(n=366)
referent referent
referent referent
referent referent
referent referent
referent
referent
referent
referent
267 
n % n % n % n % p-value
2
Demographic factors
Age (years)
18-19 39 11.5 13 8.7 21 14.0 5 12.2 0.442
20-24 124 36.5 49 32.9 57 38.0 18 43.9
25-29 82 24.1 39 26.2 33 22.0 10 24.4
30-40 95 27.9 48 32.2 39 26.0 8 19.5
Ethnicity
Hispanic 188 55.3 78 52.4 89 59.3 21 51.2 0.471
Non-Hispanic 150 44.1 70 47.0 61 40.7 19 46.3
Missing 2 0.6 1 0.7 0 0 1 2.4
Education
Less than high school 90 26.5 34 22.8 42 28.0 14 34.2 0.222
High school graduate or GED 106 31.2 42 28.2 51 34.0 13 31.7
Post high school 143 42.1 73 49.0 56 37.3 14 34.2
Missing 1 0.3 0 0 1 0.7 0 0
Household income
<$15,000 135 39.7 51 34.2 63 42.0 21 51.2 <0.001
$15,000-<$30,000 55 16.2 22 14.8 23 15.3 10 24.4
≥$30,000 79 23.2 51 34.2 25 16.7 3 7.3
Don't know/Refused 71 20.9 25 16.8 39 26.0 7 17.1
Marital status
Single/separated/divorced/widowed 241 70.9 90 60.4 116 77.3 35 85.4 <0.001
Married 98 28.8 59 39.6 33 22.0 6 14.6
Refused 1 0.3 0 0 1 0.7 0 0
Live with Partner
Yes 218 64.1 111 74.5 86 57.3 21 51.2 0.002
No 122 35.9 38 25.5 64 42.7 20 48.8
Adults in household
1 65 19.1 22 14.8 36 24.0 7 17.1 0.150
2 192 56.5 95 63.8 75 50.0 22 53.7
≥3 82 24.1 32 21.5 39 26.0 11 26.8
Missing 1 0.3 0 0 0 0 1 2.4
Children in household
0 79 23.2 24 16.1 42 28.0 13 31.7 0.052
1 121 35.6 60 40.3 49 32.7 12 29.3
2 85 25.0 45 30.2 33 22.0 7 17.1
≥3 54 15.9 20 13.4 25 16.7 9 22.0
Missing 1 0.3 0 0 1 0.7 0 0
Table 3.14. Distribution of demographic, behavioral and medical history factors by 
index of health risk behaviors during pregnancy: B.A.B.Y. Study (n=340)
Total 0
(n=149)
1
(n=150)
2+
(n=41)
Index of Health Risk Behaviors
1
268 
n % n % n % n % p-value
2
Medical history factors
Parity
Nulliparous 94 27.7 32 21.5 50 33.3 12 29.3 0.063
Parous 221 65.0 107 71.8 92 61.3 22 53.7
Missing 25 7.4 10 6.7 8 5.3 7 17.1
Pre-pregnancy BMI
<25 kg/m2 14 4.1 6 4.0 6 4.0 2 4.9 0.765
25-<30 kg/m2 118 34.7 56 37.6 51 34.0 11 26.8
30-<40 kg/m2 208 61.2 87 58.4 93 62.0 28 68.3
Personal history of GDM
Yes 43 12.7 22 14.8 16 10.7 5 12.2 0.587
No 271 79.7 116 77.9 120 80.0 35 85.4
Missing 26 7.7 11 7.4 14 9.3 1 2.4
Family history of diabetes mellitus
Yes 311 91.5 137 92.0 135 90.0 39 95.1 0.442
No 6 1.8 2 1.3 4 2.7 0 0
Missing 23 6.8 10 6.7 11 7.3 2 4.9
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 33 9.7 3 2.0 14 9.3 16 39.0 <0.001
<10 cigarettes/day 90 26.5 31 20.8 45 30.0 14 34.2
No 217 63.8 115 77.2 91 60.7 11 26.8
Pre-pregnancy alcohol
No 166 48.8 77 51.7 72 48.0 17 41.5 0.493
Yes 174 51.2 72 48.3 78 52.0 24 58.5
Pregnancy alcohol
No 333 97.9 146 98.0 147 98.0 40 97.6 0.855
Yes 6 1.8 2 1.3 3 2.0 1 2.4
Missing 1 0.3 1 0.7 0 0 0 0
1
Health risk behaviors include smoking during early pregnancy, bottom quartile of 
moderate-vigorous activity and top quartile of sedentary behavior
2
Pearson's chi-square test or Fisher's exact test (if cell sizes less than 5).  Excludes 
missing values and "don't know"/"refused".
Table 3.14, continued. Distribution of demographic, behavioral and medical 
history factors by index of health risk behaviors during pregnancy: B.A.B.Y. 
Study (n=340)
Index of Health Risk Behaviors
1
Total 0
(n=149)
1
(n=150)
2+
(n=41)
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OR
1
95% CI p-value
Demographic factors
Age (years)
18-19 2.04 (0.94, 4.45) 0.072
20-24 1.56 (0.91, 2.68) 0.105
25-29 1.13 (0.62, 2.03) 0.694
30-40
Ethnicity
Hispanic 1.23 (0.80, 1.90) 0.341
Non-Hispanic
Education
Less than high school 1.69 (0.99, 2.90) 0.055
High school graduate or GED 1.57 (0.94, 2.60) 0.083
Post high school
Household income
<$15,000 3.00 (1.68, 5.35) <0.001
$15,000-<$30,000 2.73 (1.34, 5.56) 0.006
≥$30,000
Marital status
Single/separated/divorced/widowed
Married 0.39 (0.24, 0.64) <0.001
Live with Partner
Yes 0.44 (0.27, 0.70) <0.001
No
Adults in household
1
2 0.52 (0.29, 0.94) 0.030
≥3 0.80 (0.41, 1.58) 0.518
Children in household
0
1 0.44 (0.24, 0.81) 0.008
2 0.39 (0.20, 0.74) 0.004
≥3 0.74 (0.36, 1.54) 0.424
Medical history factors
Parity
Nulliparous
Parous 0.55 (0.33, 0.91) 0.020
referent
Table 3.15. Unadjusted odds ratios for engaging in at least one health risk 
behavior (smoking, bottom quartile moderate-vigorous activity and/or top 
quartile sedentary behavior) during early pregnancy by demographic, 
behavioral and medical history factors: BABY Study (n=340)
Unadjusted analysis
referent
referent
referent
referent
referent
referent
referent
referent
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OR
1
95% CI p-value
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 0.83 (0.27, 2.54) 0.745
30-<40 kg/m2 1.04 (0.35, 3.11) 0.940
Personal history of GDM
Yes 0.71 (0.38, 1.36) 0.306
No
Family history of diabetes mellitus
Yes
No 1.58 (0.28, 8.72) 0.603
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 11.27 (3.34, 38.05) <0.001
<10 cigarettes/day 2.15 (1.29, 3.57) 0.003
No
Pre-pregnancy alcohol
No
Yes 1.23 (0.80, 1.88) 0.353
Pregnancy alcohol
No
Yes 1.56 (0.28, 8.64) 0.610
1
Logistic regression, covariates with more than 2 levels entered as dummy variables
referent
referent
referent
Table 3.15, continued. Unadjusted odds ratios for engaging in at least one health 
risk behaviors (smoking, bottom quartile moderate-vigorous activity and/or top 
quartile sedentary behavior) during early pregnancy by demographic, 
behavioral and medical history factors: BABY Study (n=340)
Unadjusted analysis
referent
referent
referent
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OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Demographic factors
Age (years)
18-19 2.04 (0.94, 4.45) 0.072 0.57 (0.19, 1.70) 0.313
20-24 1.56 (0.91, 2.68) 0.105 0.61 (0.29, 1.29) 0.192
25-29 1.10 (0.61, 1.99) 0.753 0.67 (0.33, 1.34) 0.257
30-40
Ethnicity
Hispanic 1.22 (0.79, 1.89) 0.363 0.88 (0.51, 1.52) 0.654
Non-Hispanic
Indicators of socioeconomic position
Education
Less than high school 1.66 (0.97, 2.85) 0.064 1.32 (0.66, 2.62) 0.427
High school graduate or GED 1.57 (0.94, 2.60) 0.083 1.19 (0.65, 2.21) 0.574
Post high school
Household income
<$15,000 2.96 (1.66, 5.28) <0.001 2.21 (0.99, 4.91) 0.053 2.27 (1.15, 4.49) 0.019
$15,000-<$30,000 2.73 (1.34, 5.56) 0.006 3.07 (1.32, 7.13) 0.009 2.43 (1.14, 5.17) 0.021
≥$30,000
Missing 3.35 (1.71, 6.55) <0.001 2.58 (1.13, 5.90) 0.024 2.57 (1.23, 5.38) 0.01
Table 3.16. Unadjusted and adjusted odds ratios for engaging in at least one health risk behavior (smoking, bottom quartile 
moderate-vigorous activity and/or top quartile sedentary behavior) during early pregnancy by demographic, behavioral 
and medical history factors: BABY Study
Unadjusted analysis (n=339) Adjusted analysis - Full 
(n=311)
referent referent
referent referent
Adjusted analysis - Reduced 
(n=339)
referent
referent
referent
referent
referent referent
referent referent
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OR
1
95% CI p-value aOR
1
95% CI p-value aOR
1
95% CI p-value
Family structure
Partner status
No partner
Live with partner, not married 0.60 (0.36, 1.02) 0.061 0.64 (0.35, 1.17) 0.143 0.62 (0.36, 1.08) 0.093
Married 0.30 (0.17, 0.53) <0.001 0.36 (0.17, 0.76) 0.007 0.43 (0.22, 0.82) 0.011
Other adults in household (not partner)
No
Yes 1.76 (1.10, 2.82) 0.019 1.29 (0.70, 2.41) 0.418
Children in household
No
Yes 0.46 (0.27, 0.79) 0.005 0.42 (0.17, 1.03) 0.059 0.40 (0.23, 0.71) 0.002
Medical history factors
Parity
Nulliparous
Parous 0.55 (0.33, 0.90) 0.018 0.92 (0.38, 2.24) 0.848
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 0.83 (0.27, 2.54) 0.745 1.05 (0.28, 3.97) 0.941
30-<40 kg/m2 1.03 (0.35, 3.09) 0.952 1.30 (0.35, 4.81) 0.690
1
Logistic regression, covariates with more than 2 levels entered as dummy variables
Table 3.16, continued. Unadjusted and adjusted odds ratios for engaging in at least one health risk behavior (smoking, 
bottom quartile moderate-vigorous activity and/or top quartile sedentary behavior) during early pregnancy by 
demographic, behavioral and medical history factors: BABY Study
Unadjusted analysis (n=339) Adjusted analysis - Full 
(n=311)
Adjusted analysis - Reduced 
(n=339)
referent referent
referent referent
referent referent
referent referent
referent referent
referent
referent
referent
referent
referent
273 
OR
1
95% CI p-value
Demographic factors
Age (years)
18-19 1.60 (0.49, 5.23) 0.438
20-24 1.85 (0.77, 4.45) 0.172
25-29 1.51 (0.57, 4.03) 0.410
30-40
Ethnicity
Hispanic 0.87 (0.45, 1.68) 0.672
Non-Hispanic
Education
Less than high school 1.71 (0.77, 3.78) 0.185
High school graduate or GED 1.30 (0.58, 2.89) 0.523
Post high school
Household income
<$15,000 4.67 (1.35, 16.19) 0.015
$15,000-<$30,000 5.63 (1.47, 21.54) 0.012
≥$30,000
Marital status
Single/separated/divorced/widowed
Married 0.38 (0.16, 0.94) 0.037
Live with Partner
Yes 0.54 (0.28, 1.05) 0.069
No
Adults in household
1
2 1.07 (0.44, 2.64) 0.879
≥3 1.28 (0.47, 3.52) 0.628
Children in household
0
1 0.56 (0.24, 1.30) 0.176
2 0.46 (0.17, 1.21) 0.114
≥3 1.02 (0.40, 2.58) 0.974
Medical history factors
Parity
Nulliparous
Parous 0.76 (0.36, 1.60) 0.463
Table 3.17. Unadjusted odds ratios for engaging in at least 2 health risk 
behaviors (smoking, bottom quartile moderate-vigorous activity and/or top 
quartile sedentary behavior) during early pregnancy by demographic, 
behavioral and medical history factors: BABY Study (n=340)
Unadjusted analysis
referent
referent
referent
referent
referent
referent
referent
referent
referent
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OR
1
95% CI p-value
Pre-pregnancy BMI
<25 kg/m2
25-<30 kg/m2 0.62 (0.12, 3.12) 0.559
30-<40 kg/m2 0.93 (0.20, 4.39) 0.930
Personal history of GDM
Yes 0.89 (0.33, 2.41) 0.814
No
Family history of diabetes mellitus
Yes
No − − −
Behavioral factors
Pre-pregnancy smoking
≥10 cigarettes/day 17.63 (7.07, 43.93) <0.001
<10 cigarettes/day 3.45 (1.50, 7.93) 0.004
No
Pre-pregnancy alcohol
No
Yes 1.04 (0.72, 2.72) 0.316
Pregnancy alcohol
No
Yes 1.47 (0.17, 12.86) 0.730
1
Logistic regression, covariates with more than 2 levels entered as dummy variables
referent
referent
referent
referent
Table 3.17, continued. Unadjusted odds ratios for engaging in at least 2 health 
risk behaviors (smoking, bottom quartile moderate-vigorous activity and/or top 
quartile sedentary behavior) during early pregnancy by demographic, 
behavioral and medical history factors: BABY Study (n=340)
Unadjusted analysis
referent
referent
275 
% n 0.4 0.5 0.6
Income >$30,000 27.7 135
$15,000-<$30,000 15.7 77 0.66 0.40 0.23
<$15,000 56.6 276 0.92 0.70 0.43
Age >30 years 27.3 133
25-<30 years 20.9 102 0.74 0.47 0.27
<25 years 51.8 253 0.90 0.68 0.42
Ethnicity Non-Hispanic 39.8 194
Hispanic 60.2 294 0.96 0.79 0.51
Education Post high school 40.9 200
High school 38.2 186 0.93 0.70 0.43
Less than high  school 20.9 102 0.80 0.52 0.29
Marital Status Married 25.5 124
Not married 74.5 364 0.92 0.71 0.45
Live With Partner Yes 64.5 315
No 35.5 173 0.96 0.75 0.46
Adults in Household 1 22.0 107
2 48.6 237 0.86 0.61 0.37
>=3 29.4 143 0.78 0.52 0.31
Children in Household 0 21.2 103
1 44.0 214 0.84 0.59 0.35
>=2 34.9 170 0.80 0.55 0.32
Pre-pregnancy BMI <30 kg/m2 42.2 206
>30 kg/m2 57.8 282 0.97 0.80 0.52
Referent
Referent
Table 3.18. Power to detect a range of odds ratios for the association between smoking during pregnancy and demographic, 
behavioral and medical history factors, assuming a rate of smoking in the reference group of 12% (n=488)
Referent
Referent
Referent
Referent
Referent
Referent
Correlate Categories Expected Frequencies and 
Totals
Odds Ratios
Referent
276 
% n 0.4 0.5 0.6
Income >$30,000 27.7 135
$15,000-<$30,000 15.7 77 0.85 0.60 0.36
<$15,000 56.6 276 0.99 0.87 0.62
Age >30 years 27.3 133
25-<30 years 20.9 102 0.91 0.68 0.42
<25 years 51.8 253 0.98 0.86 0.60
Ethnicity Non-Hispanic 39.8 194
Hispanic 60.2 294 1.00 0.94 0.72
Education Post high school 40.9 200
High school 38.2 186 0.99 0.89 0.63
Less than high  school 20.9 102 0.95 0.75 0.47
Marital Status Married 25.5 124
Not married 74.5 364 0.99 0.88 0.63
Live With Partner Yes 64.5 315
No 35.5 173 1.00 0.93 0.69
Adults in Household 1 22.0 107
2 48.6 237 0.96 0.80 0.53
>=3 29.4 143 0.92 0.71 0.45
Children in Household 0 21.2 103
1 44.0 214 0.95 0.77 0.51
>=2 34.9 170 0.94 0.74 0.47
Pre-pregnancy BMI <30 kg/m2 42.2 206
>30 kg/m2 57.8 282 1.00 0.94 0.73
Referent
Referent
Referent
Referent
Table 3.19. Power to detect a range of odds ratios for the bivariate association between the top quartile for sports/exercise 
activity and moderate-vigorous activity and bottom quartile for sedentary behavior with demographic, behavioral and 
medical history factors (n=488)
Referent
Referent
Referent
Referent
Referent
Correlate Categories Expected Frequencies and Totals Odds Ratios
277 
 278 
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